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Introduction 
Avian communities by virtue of being ecologically diverse are one of the most suitable 
biological materials for monitoring the health and functioning of an ecosystem. The diversity 
and richness of avian species in a community also mirrors the diversity and richness of the 
habitat. A large number of studies have explored this relationship. Study on the Bird 
Community Structure of terai forest in Dudwa National Park was started in 1991 as there 
have been no studies in the terai region. This region has witnessed some of the most drastic 
changes owing to the changed land use pattern and is also ornithologically poorly known. 
This study has been conceived to address certain questions regarding the avian 
community structure and to test whether the much discussed relationship between Bird 
Species Diversity (BSD) and Foliage Height Diversity (FHD) is applicable or not? The study 
also attempts to explore features of habitat that determine the avian community structure. The 
study also focussed on studying avian guilds using an objective approach. 
The objectives of the study were to 
1. Conduct bird community studies in moist deciduous "terai" forest of Dudwa National Park. 
2. Evaluarte bird species diversity (BSD), bird species richness (BSR), relative density and 
composition over a period of time. 
3. Determine how various habitat parameters affect the species diversity and density. 
4. Investigate the effects of management activities. 
5. To determine the guild structure of birds. 
The study was conducted in Dudwa National Park which is one of the finest 
representative of terai habitat (moist deciduous Sal forest interspersed with subtropical tall wet 
grassland). Of the eight permanently marked transects, monitoring on a regular basis was 
done for six transects, two in the forest areas and remaining four in the grassland. 
1 
Methods 
All transects were monitored from 1991 to 1994 for winter and summer seasons only 
as data collection in monsoon was not possible. Birds were sampled using open width 'Line 
Transect method and all transects were walked at fortnightly intervals. Perpendicular distance 
of all birds seen along the transect, plant species, perch height and primary activities were 
recorded. The perpendicular distance data were used to analyse bird density using computer 
software TRANSECT. Bird abundance data were used to plot the distribution models for 
different habitats using LOGNORM.BAS module of software STATISTICAL ECOLOGY. 
Data generated from the same monitoring were used for analyses of species diversity, 
richness and equitability using modified module SPECDIVERS.BAS. To test the relationship 
between species diversity, abundance and vegetation structure, intensive vegetation studies 
were done at all the six transects by further dividing them into 50m segments each. Circular 
plots were laid at each segment for all the transects. 
Plant species diversity richness and acceptability indices were calculated using module 
of SPECDIVERS.BAS. Shannon-Weavers' diversity indices (H') Margalefs Richness Index and 
Pielou's equitability indices (E1) and Hill's diversity index were used to test relationship 
between bird species and habitat structure. Principal Component Analysis and Cluster 
analysis were performed on SPSS and STATA and SYSTAT programmes. Data on bird guild 
structure were collected by information gathered on foraging behaviour of birds on the same 
transects used for census. 
Results 
Habitat Analysis 
The tree species density was maximum in the riparian habitat with 801.2/ha, followed 
by the Sal Forest with 571.9 trees/ha. Density in wooded grassland was 157.8/ha and was 
comparatively higher than the two other grassland sites. 
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Riparian habitat was also most diverse and rich with diversity value (H") of 2.46 and 
richness index of 2.95. This was significantly greater than the diversity and richness values of 
tree species in the Sal forest. Similarly shrub species density and diversity value were also 
highest in the riparian habitat with 2094.8 shrubs/ha. 
Spearman rank correlation shows that mos. of these variables are intercorrelated, 
showing positive relationship, significant at (P<0 01 or P<0.001). Principal Component 
Analysis (PCA) was performed to reduce the dimensionality. PCA plot on axes 1 and 2 
shows all the four grassland clustered at one place either by virtue of low tree density or 
presence of some similar species. The riparian habitat was positively loaded on both the 
components whereas Sal forest was positively loaded on the PC-I and negatively loaded on 
PC-II. The first PC axis explained about 74% of the variance in data sets. 
Ordination based on other vegetation variables such as density, diversity, species 
richness and number of tree and shrub species showed PC-I and PC-II accounting for 87% 
and 7% of variance respectively. PC1 can be interpreted as tree species dependent and PC2 
as shrub species and vertical heterogeneity dependent components. 
Number of layers in the Sal forest was maximum as all the eighteen height classes 
were present. This was followed by riparian and wooded grassland with 14 height classes. 
Foliage height diversity (F:HD) values showed corresponding results as FHD was maximum 
for Sal forest and lowest for the Navalkhar grassland. 
Bird Densities 
Maximum density values were obtained for the wooded grassland of Gajrola (23.64 ± 1.204 
birds/ha), followed by the riparian habitat (15.15± 0.999 birds/ha). The lowest densities were 
observed in the two most specialised habitats, the tall grasslands of Kakraha and the Sal 
Forest. All the density values had narrow confidence limits. 
3 
Summer densities at the transects differed from the densities in winter and was clearly 
evident in the wooded grassland which showed lower density. This decline can be attributed to 
two factors, i) the number of passerines in winter augment the densities, ii) whereas in 
summer this area has low number of breeding birds by virtue of being disturbed. 
In Dudwa the bird densities varied in summer and winter though the differences were 
not statistically significant (K-Wallis X ^ 5 at P>0.415). On a broader habitat scale, density 
values did not differ significantly between habitats. Overall density was higher in the forest 
habitats The lowest density was observed in the tall grassland habitat of Kakraha, both 
during winter and summer. 
Distribution pattern of birds in Dudwa, in general, conforms to the log-normal pattern, 
as species are distributed in a manner that the maximum number of species are represented 
by only a few individuals. Species with one or two individuals constitute 1-2% of the total 
individuals detected and have been categorised as rare. 
The lognormal curve was fitted for each transect using two estimates. Wooded 
grassland of Gajrola (GJWG) at parameter a= 0.267 and So=18, gave total expected species 
in the area around 106 to the observed number of 105 species. Curve for the tall grassland at 
Kakraha (KKTG) with 74 observed species was best fitted with a=0.207 and an expected 
number of 77 species at So=14. A total of 102 species were observed at PCSG and the 
number of species that were expected as shown by the model were 96. 
At the two forest sites the fitted curve was more normally distributed. Species observed 
at the riparian habitat FLRF transect was 103 which was about three short of the expected 
number of species about 106. At Sal forest the observed species (70) was lowest when 
compared to the other transects. The best fit to the distribution of birds at this transect was 
provided by the model with So = 15.5 at a = 0.355 as the number of species expected was 
74. 
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The abundance pattern of birds when fitted with the distribution model using two 
iterative estimates, was closer to the observed number of species with one of the estimates 
and the fitted curve was close to 'normal' bell shaped. This is indicative of the fact that the 
bird data to which the curves were fitted were derived from sufficiently large samples which 
showed limited truncation as the veil line in most of the area was close to the origin of the 
curve. 
Bird Guild Structure 
Cluster analysis shows two main guild subdivision, A and B. A contains all the species 
which forage in the higher canopy and B contains largely those species which are ground 
foragers or those which forage in the lower strata of vegetation. Seven different guilds 
comprising 30 species out of a total of 52 were identified. 
The Principal Components Analysis (PCA) of all the 52 bird species yielded two 
components; PC1 and PC2 for eigen values greater than one explained 45.80 and 5.16 of 
the total variation in the data respectively. The first PC-axis explained 88% of total variance in 
the data set, whereas the second PC-axis explained 9.8% and the two axes together 
accounted for 97.9% of the total variation in the data set. 
The PCA-1 segregated species confined to lower strata which by hawking, gleaning and 
pecking (positive values) from those which forage largely by gleaning and probing. Differential 
use of different substrata of the area, along with the body size have been the two factors 
for separating the species on PCA-1. The PCA-2 explained a small amount of total 
variance but has much significance as far as interpretation of data is concerned. Species 
along the axis-2 were segregated according to the foraging mode and again the use of 
different strata. The species were segregated by two factors along this axis, the body size 
and foraging method. All species which either forage on ground or lower layer of vegetation 
show positive value and all those species which use higher canopy, are of small body size 
and mostly forage by foliage gleaning and probing and sallying show negative loading on the 
PCA-2. 
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Birds species in Dudwa forage using eight different modes, of which gleaning is the 
most common, accounting for more than 59% of the total observations, followed by pecking 
and sallying. Plant height is significantly correlated with branch glean, branch probe, branch 
peck, trunk glean and trunk probe. Plant height has again been significantly correlated with 
hovering on foliage and bark glean( r,=0.4388 and 0.4766; p<.001). Ground gleaning and 
ground pecking was negatively correlated with PHT (r,= -0.6161 and -0.4367 at P<0.001) 
(Table 5.4). 
Determinants of guild structure were identified by varimax factor rotation which 
extracted seven factors. The seven rotated factors accounted for 83% of the total community 
variance. The first factor explained the maximum variance of 8.3 followed by second factor 
which explained 7.25 and in the same decreasing order by the subsequent factors. Percent 
variance explained by the first rotated component was 26.9%, 23.3% by the second and 
7.46% by the third. 
The high values, whether positive or negative, signify that there are few important 
variables which explain and determine the guild structure. Factor-I has high positive values 
for foraging manoeuvre associated with bark, trunk and branch substrates and is interpreted 
as the bark foraging and it signifies the importance of this factor in the guild determination. 
Second factor is easily interpretable as height related factor, as shown by the high positive 
loading for foraging activities confined to the ground. Factor 4 showed high positive loading 
for foliage gleaning and is important determinant of guild. 
Factor-5 shows a very high positive value for all the variables involving hovering over 
substrates. The fifth factor explained about 7.5% of the total community variance. Factor 6 
accounts for only 5.8% of the total community variance and is not very clearly interpretable. 
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The results from Cluster analysis, Principal Component Analysis and Varimax Factor 
Rotation highlight the importance of the vegetation structure in determining the guild structure 
and the community structure of the area. Features of vegetation such as height, number and 
type of strata along with the foraging behaviour and body size are some of the key factors in 
explaining the community pattern and guild structure. 
Bird-habitat Relationships 
Bird species diversity was maximum for the wooded grassland. There was no 
significant difference between BSD values in summer and winter at this site (t=0.43, P>0.67). 
Mean bird species richness (BSR) also showed no significant difference between summer 
and winter (t=4).01, P>0.98). The two other grassland sites, with short grasses showed lower 
values of species diversity and richness when compared to GJWG. BSD values differed 
significantly from winter to summer (t=3.14, P<0.007) for these sites. 
Species diversity and richness remained more or less constant in tall grassland of 
Kakraha as no difference was observed. Mean BSD in summer was higher than in winter but 
the difference was not statistically significant (t=1.23, P>0.24). 
Except for wooded grassland (GJWG) transect, the bird species diversity in the riparian 
habitat was higher than all other transects for all the years. The greater structural diversity of 
habitat is responsible for higher BSD values when compared to the Sal forest, which is less 
diverse. BSD did not differ significantly between summer and winter (t=0.94, P>0.33) and 
same was found with BSR. BSD in winter was lower than the summer and was statistically 
significant (t=3.84, PO.002) winter (t=-4.88, P>0.0004). 
E3SD values were maximum for the wooded grassland of Gajrola Overall bird species 
diversity at Gajrola was significantly different from all the habitats except for the riparian forest 
(mean 2.89 vs. 2.79, t=-1.7, P>095, one tailed test). BSR for all the sites showed a similar 
pattern except for differences between GJWG and FLRF (mean vs., t=4.68, P<t=0.0001) 
and KKTG and PC (mean vs., t=-3.82, P<t=0.0008) were significantly different (mean 2.62 
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vs. 2.74, t=1.68, P>.0.11). A Spearman rank correlation coefficient showed no significant 
relationship between bird species diversity and richness with habitat variables. Relationship 
between BSD and FHD was not found. Shrub species richness was the only variable which 
showed a significant relationship (r«=0.88,P<.01) with BSD. 
Stepwise multiple regression analysis was performed to construct habitat models. 
Three models, one general (summer and winter together) and one each for winter and 
summer were constructed using nine habitat variables (TDEN, TDIV, TRICH, TCOV, SDEN, 
SDIV, SRICH, TSN and FHD). BSD was used as the dependent variable. 
In the first (general) model, shrub species richness (SRICH) was the only factor, with 
the significant positive effect on the model. It explained 78% of the variance (R^O.78 ), and 
with tree species richness (TRICH) It explained 95% of the variance (R^O.95). 
The model for winter also used two variables, SRICH and the TRICH. They together 
explained 78% of the variance (R^O.78). Unlike the general model and winter model, the 
model for bird species diversity in summer was different, as only SRICH was significant 
explaining a total of 68% of the variance (R^O.688). 
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SUMMARY 
Introduction 
Avian communities by virtue of being ecologically diverse are one of the most suitable 
biological materials for monitoring the health and functioning of an ecosystem. The diversity 
and richness of avian species in a community also mirrors the diversity and richness of the 
habitat. A large number of studies have explored this relationship. Study on the Bird 
Community Structure of terai forest in Dudwa National Park was started in 1991 as there 
have been no studies in the terai region. This region has witnessed some of the most drastic 
changes owing to the changed land use pattern and is also omithologically poorly known. 
This study has been conceived to address certain questions regarding the avian 
community structure and to test whether the much discussed relationship between Bird 
Species Diversity (BSD) and Foliage Height Diversity (FHD) is applicable or not? The study 
also attempts to explore features of habitat that determine the avian community structure. The 
study also focussed on studying avian guilds using an objective approach. 
The objectives of the study were to 
1. Conduct bird community studies in moist deciduous "terai" forest of Dudwa National Park. 
2. Evaluate bird species diversity (BSD), bird species richness (BSR), relative density and 
composition over a period of time. 
3. Determine how various habitat parameters affect the species diversity and density. 
4. Investigate the effects of management activities. 
5. To determine the guild structure of birds. 
The study was conducted in Dudwa National Park which is one of the finest 
representative of terai habitat (moist deciduous Sal forest interspersed with subtropical tall wet 
grassland). Of the eight permanently marked transects, monitoring on a regular basis was 
done for six transects, two in the forest areas and remaining four in the grassland. 
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Methods 
All transects were monitored from 1991 to 1994 for winter and summer seasons only 
as data collection in monsoon was not possible. Birds were sampled using open width 'Line 
Transect' method and all transects were walked at fortnightly intervals. Perpendicular distance 
of all birds seen along the transect, plant species, perch height and primary activities were 
recorded. The perpendicular distance data were used to analyse bird density using computer 
software TRANSECT. Bird abundance data were used to plot the distribution models for 
different habitats using LOGNORM.BAS module of software STATISTICAL ECOLOGY. 
Data generated from the same monitoring were used for analyses of species diversity, 
richness and equitability using modified module SPECDIVERS.BAS. To test the relationship 
between species diversity, abundance and vegetation structure, intensive vegetation studies 
were done at all the six transects by further dividing them into 50m segments each. Circular 
plots were laid at each segment for all the transects. 
Plant species diversity richness and acceptability indices were calculated using module 
of SPECDIVERS.BAS. Shannon-Weavers' diversity indices (H'),Margalefs Richness Index and 
Pielou's equitability indices (E1) and Hill's diversity index were used to test relationship 
between bird species and habitat structure. Principal Component Analysis and Cluster 
analysis were performed on SPSS and STATA and SYSTAT programmes. Data on bird guild 
structure were collected by information gathered on foraging behaviour of birds on the same 
transects used for census. 
Results 
Habitat Analysis 
The tree species density was maximum in the riparian habitat with 801.2/ha, followed 
by the Sal Forest with 571.9 trees/ha. Density in wooded grassland was 157.8/ha and was 
comparatively higher than the two other grassland sites. 
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Riparian habitat was also most diverse and rich with diversity value (H') of 2.46 and 
richness index of 2.95. This was significantly greater than the diversity and richness values of 
tree species in the Sal forest. Similarly shrub species density and diversity value were also 
highest in the riparian habitat with 2094.8 shrubs/ha. 
Spearman rank correlation shows that most of these variables are intercorrelated, 
showing positive relationship, significant at (P<0.01 or P<0.001). Principal Component 
Analysis (PCA) was performed to reduce the dimensionality. PCA plot on axes 1 and 2 
shows all the four grassland clustered at one place either by virtue of low tree density or 
presence of some similar species. The riparian habitat was positively loaded on both the 
components whereas Sal forest was positively loaded on the PC-I and negatively loaded on 
PC-II. The first PC axis explained about 74% of the variance in data sets. 
Ordination based on other vegetation variables such as density, diversity, species 
richness and number of tree and shrub species showed PC-I and PC-II accounting for 87% 
and 7% of variance respectively. PC1 can be interpreted as tree species dependent and PC2 
as shrub species and vertical heterogeneity dependent components. 
Number of layers in the Sal forest was maximum as all the eighteen height classes 
were present. This was followed by riparian and wooded grassland with 14 height classes. 
Foliage height diversity (FHD) values showed corresponding results as FHD was maximum 
for Sal forest and lowest for the Navalkhar grassland. 
Bird Densities 
Maximum density values were obtained for the wooded grassland of Gajrola (23.64 ± 1.204 
birds/ha), followed by the riparian habitat (15.15± 0.999 birds/ha). The lowest densities were 
observed in the two most specialised habitats, the tall grasslands of Kakraha and the Sal 
Forest. All the density values had narrow confidence limits. 
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Summer densities at the transects differed from the densities in winter and was clearly 
evident in the wooded grassland which showed lower density. This decline can be attributed to 
two factors, i) the number of passerines in winter augment the densities, ii) whereas in 
summer this area has low number of breeding birds by virtue of being disturbed. 
In Dudwa the bird densities varied in summer and winter though the differences were 
not statistically significant (K-Wallis X2= 5 at P>0.415). On a broader habitat scale, density 
values did not differ significantly between habitats. Overall density was higher in the forest 
habitats. The lowest density was observed in the tall grassland habitat of Kakraha, both 
during winter and summer. 
Distribution pattern of birds in Dudwa, in general, conforms to the log-normal pattern, 
as species are distributed in a manner that the maximum number of species are represented 
by only a few individuals. Species with one or two individuals constitute 1-2% of the total 
individuals detected and have been categorised as rare. 
The lognormal curve was fitted for each transect using two estimates. Wooded 
grassland of Gajrola (GJWG) at parameter a= 0.267 and So=18, gave total expected species 
in the area around 106 to the observed number of 105 species. Curve for the tall grassland at 
Kakraha (KKTG) with 74 observed species was best fitted with a=0.207 and an expected 
number of 77 species at So=14. A total of 102 species were observed at PCSG and the 
number of species that were expected as shown by the model were 96. 
At the two forest sites the fitted curve was more normally distributed. Species observed 
at the riparian habitat FLRF transect was 103 which was about three short of the expected 
number of species about 106. At Sal forest the observed species (70) was lowest when 
compared to the other transects. The best fit to the distribution of birds at this transect was 
provided by the model with So = 15.5 at a = 0.355 as the number of species expected was 
74. 
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The abundance pattern of birds when fitted with the distribution model using two 
iterative estimates, was closer to the observed number of species with one of the estimates 
and the fitted curve was close to 'normal' bell shaped. This is indicative of the fact that the 
bird data to which the curves were fitted were derived from sufficiently large samples which 
showed limited truncation as the veil line in most of the area was close to the origin of the 
curve. 
Bird Guild Structure 
Cluster analysis shows two main guild subdivision, A and B. A contains all the species 
which forage in the higher canopy and B contains largely those species which are ground 
foragers or those which forage in the lower strata of vegetation. Seven different guilds 
comprising 30 species out of a total of 52 were identified. 
The Principal Components Analysis (PCA) of all the 52 bird species yielded two 
components; PC1 and PC2 for eigen values greater than one explained 45.80 and 5.16 of 
the total variation in the data respectively. The first PC-axis explained 88% of total variance in 
the data set, whereas the second PC-axis explained 9.8% and the two axes together 
accounted for 97.9% of the total variation in the data set. 
The PCA-1 segregated species confined to lower strata whic by hawking, gleaning and 
pecking (positive values) from those which forage largely by gleaning and probing. Differential 
use of different substrata of the area, along with the body size have been the two factors 
for separating the species on PCA-1. The PCA-2 explained a small amount of total 
variance but has much significance as far as interpretation of data is concerned. Species 
along the axis-2 were segregated according to the foraging mode and again the use of 
different strata. The species were segregated by two factors along this axis, the body size 
and foraging method. All species which either forage on ground or lower layer of vegetation 
show positive value and all those species which use higher canopy, are of small body size 
and mostly forage by foliage gleaning and probing and sallying show negative loading on the 
PCA-2. 
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Birds species In Dudwa forage using eight different modes, of which gleaning is the 
most common, accounting for more than 59% of the total observations, followed by pecking 
and sallying. Plant height is significantly correlated with branch glean, branch probe, branch 
peck, trunk glean and trunk probe. Plant height has again been significantly correlated with 
hovering on foliage and bark glean( r,=0 4388 and 0.4766; p<001). Ground gleaning and 
ground pecking was negatively correlated with PHT (rt= -0.6161 and -0.4367 at PO.001) 
(Table 5.4). 
Determinants of guild structure were identified by varimax factor rotation which 
extracted seven factors. The seven rotated factors accounted for 83% of the total community 
variance. The first factor explained the maximum variance of 8.3 followed by second factor 
which explained 7.25 and in the same decreasing order by the subsequent factors. Percent 
variance explained by the first rotated component was 26.9%, 23.3% by the second and 
7.46% by the third. 
The high values, whether positive or negative, signify that there are few important 
variables which explain and determine the guild structure. Factor-I has high positive values 
for foraging manoeuvre associated with bark, trunk and branch substrates and is interpreted 
as the bark foraging and it signifies the importance of this factor in the guild determination. 
Second factor is easily interpretable as height related factor, as shown by the high positive 
loading for foraging activities confined to the ground. Factor 4 showed high positive loading 
for foliage gleaning and is important determinant of guild. 
Factor-5 shows a very high positive value for all the variables involving hovering over 
substrates. The fifth factor explained about 7.5% of the total community variance. Factor 6 
accounts for only 5.8% of the total community variance and is not very clearly interpretable. 
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The results from Cluster analysis, Principal Component Analysis and Varimax Factor 
Rotation highlight the importance of the vegetation structure in determining the guild structure 
and the community structure of the area. Features of vegetation such as height, number and 
type of strata along with the foraging behaviour and body size are some of the key factors in 
explaining the community pattern and guild structure. 
Bird-habitat Relationships 
Bird species diversity was maximum for the wooded grassland. There was no 
significant difference between BSD values in summer and winter at this site (t=0.43, P>0.67). 
Mean bird species richness (BSR) also showed no significant difference between summer 
and winter (t=-0.01, P>0.98). The two other grassland sites, with short grasses showed lower 
values of species diversity and richness when compared to GJWG. BSD values differed 
significantly from winter to summer (t=3.14, P<0.007) for these sites. 
Species diversity and richness remained more or less constant in tall grassland of 
Kakraha as no difference was observed. Mean BSD in summer was higher than in winter but 
the difference was not statistically significant (t=1.23, P>0.24). 
Except for wooded grassland (GJWG) transect, the bird species diversity in the riparian 
habitat was higher than all other transects for all the years. The greater structural diversity of 
habitat is responsible for higher BSD values when compared to the Sal forest, which is less 
diverse. BSD did not differ significantly between summer and winter (t=0.94, P>0.33) and 
same was found with BSR. BSD in winter was lower than the summer and was statistically 
significant (t=3.84, P<0.002) winter (t=-4.88, P>0.0004). 
BSD values were maximum for the wooded grassland of Gajrola Overall bird species 
diversity at Gajrola was significantly different from all the habitats except for the riparian forest 
(mean 2.89 vs. 2.79, t=-1.7, P>.095, one tailed test). BSR for all the sites showed a similar 
pattern except for differences between GJWG and FLRF (mean vs., t=4.68, P<t=0.0001) 
and KKTG and PC (mean vs., t=-3.82, P<t=0.0008) were significantly different (mean 2.62 
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vs. 2.74, t=1.68, P>.0.11). A Spearman rank correlation coefficient showed no significant 
relationship between bird species diversity and richness with habitat variables. Relationship 
between BSD and FHD was not found. Shrub species richness was the only variable which 
showed a significant relationship (rt=0.88,P<.01) with BSD. 
Stepwise multiple regression analysis was performed to construct habitat models. 
Three models, one general (summer and winter together) and one each for winter and 
summer were constructed using nine habitat variables (TDEN, TDIV, TRICH, TCOV, SDEN, 
SDIV, SRICH, TSN and FHD). BSD was used as the dependent variable. 
In the first (general) model, shrub species richness (SRICH) was the only factor, with 
the significant positive effect on the model. It explained 78% of the variance (RMJ.78 ), and 
with tree species richness (TRICH) it explained 95% of the variance (R^=0.95). 
The model for winter also used two variables, SRICH and the TRICH. They together 
explained 78% of the variance (R^O.78). Unlike the general model and winter model, the 
model for bird species diversity in summer was different, as only SRICH was significant 
explaining a total of 68% of the variance (R^O.688). 
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CHAPTER-1 
INTRODUCTION 
1.1 Background 
Ecological communities are the characteristics and properties of the assemblages of 
species populations (Koromondy 1989) or the group of population that occur together 
(Ricklefs 1990). Identification of patterns that characterise natural assemblages of species 
and factors responsible for them have been the two major priorities in community ecology 
studies. Being ecologically diverse and sensitive to various kinds of perturbations, avian 
community acts as a better predictor of the quality and health of the habitat than single 
species. 
Approach in conservation has undergone great change during the last few decades. 
The shift in emphasis from single species to the community level has transformed the very 
trend of the traditional studies. Avian taxa have fortunately been receiving due attention, 
since the adoption of modem approach and a string of studies on avian communities have 
been undertaken recently. This trend received further boost after the publication of Robert 
MacArthur's classic paper on Bird Species Diversity'. Published in 1961, this study ted to 
several studies aimed at investigating the relationship between bird species diversity and 
structural diversity of the habitat. 
Considering the number of scientists following the trend and the magnitude of 
literature published, it becomes evident that bird community studies is the fastest growing 
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branch of ecology since 1960 and has significantly contributed to the advancement of field 
ecology. The outcome of these developments are the generation of new ideas, critical 
evaluation of the existing theories and models and even formulation of new theories, some of 
which are quite radical based on sound research and critical evaluation. 
1.2 History 
The beginning of the community ecology can be traced back to the trend setting 
conclusion drawn by Clements (1916) that communities are discrete assemblages which are 
closely integrated. This was contrary to Gleason (1917,1926) who said communities lacked 
internal organisation. However except for studies by Lack (1933), Kendeigh (1934) and Odum 
(1950) this branch did not receive much attention of the biologist till Macarthur's work in 
1950's. 
The real boost to community ecology was given by MacArthur and MacArthur (1961) 
after the publication of their paper on "Bird Species Diversity" which established the view that 
bird species diversity is a function of foliage height diversity. This seminal work intact 
revolutionised the thinking on the subject and a series of studies on the same lines followed. 
MacArthur (1964), Recher (1967), Cody (1968), Karr and Roth (1971), Pearson 
(1971), Willson (1974), Whitmore (1975), Karr (1976a and 1976b), Anderson and Ohmart 
(1977), Pearson (1977), Franzreb and Ohmart (1978), Stiles (1978), Best and Stauffer 
(1980), RicWefs and Travis (1980), Beedy (1981), James and Rathbun (1981), Bell (1982), 
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Karr et al. (1962), Rice et al. (1983), Blake and Karr (1984), Holmes (1990) and Block and 
Brennan (1993) are some of the studies which followed the trend. 
1.3 Pattern and Processes 
Two types of avian community studies can be distinguished; the pattern based and the 
process recognition. There is a clear-cut dichotomy between the two type of studies. Detection 
of pattern and documentation of underlying process are conceptually separate and generally 
sequential (Wlens 1989). 
Most of the above studies infact, have been an attempt to explore the pattern in bird 
species diversity alpha, beta and gamma diversity; at a scale which varies from local, regional 
to panglobal (Karr 1971, 1976, 1976a, 1976b, 1980; James and Shugart 1970, Karr and 
Roth 1971, Terbogh 1971, Pearson 1977, Bell 1982, Emlen 1986 and MacNally 1994). 
Patterns in avian communities are based on some deterministic processes- a cause 
and effect relationship (MacArthur and Wilson 1967). Competition also plays an important role 
in community organisation and is responsible for the structuring of species along a 
resource-utilisation axes (Cody and Diamond 1975). 
Pattern exploration studies are relatively simple, as the underlying patterns are often 
easily discernible and that has been the reason for more studies on pattern exploration than 
process recognition, though it is important to explain the patterns which are based on 
understanding of the processes (Wiens 1989). Thus the difficulty in studying the processes 
3 
such as interaction leading to competition, immigration, emigration and habitat selection has 
permitted only tew studies (Cody 1975,1985; Sherry and Holmes 1985, Terborgh 1985). 
Some investigation of community patterns has revealed the relationship between bird 
species diversity and foliage height diversity (MacArthur and MacArthur 1961; MacArthur and 
Pianka 1966; Recher 1969, James 1971, Erdelen 1984) however some studies have failed to 
establish the same relationship in the tropical forest habitats (Pearson 1982, Wiens 1983). 
Bird species diversity have also been found to be the function of certain features of 
habitat. Other than vertical layering in the foliage, such as total foliage volume (Karr and Roth 
1971), vegetation cover (Karr 1968, Wilson 1974), total crown volume (Vemer and Larson 
1989), trophic level (Airola and Barett 1985), foraging strategies (Holmes 1979, Holmes and 
Robinson 1981, Sabo and Holmes 1983, Holmes and Recher 1986a 1986b, Poulin ef a/. 
1994 and Cale 1994), aspects of physiognomy (Wiens 1973, Roth 1976, Holmes 1986, 
Brown and Stillman 1993), canopy cover (Wiens and Rotenberry 1981, James and Warner 
1982) also are important variables which affect the BSD. 
Food is one of the key factors in understanding the community patterns (Terbogh 
1985). A substantial increase in tropical zone bird species over temperate zone in a similar 
habitat is due to substantially greater fruit availability (Cody 1985). 
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Various environmental factors also affect the communities such as rainfall, drought 
(MacArthur 1964, Karr 1976b, Holmes et al. 1986) and the climatic instability, which limits the 
opportunity for niche diversification (Wiens 1989). 
Communities have a history and their attribute at any time bear the imprint of that 
history (Wiens 1989). The disturbance factors such as drought, human activities in the past 
also influences the composition of present day community in any area (Wiens 1977, 1989, 
Jarvinen and Haila 1984). 
Bird species diversity and richness is also related to the size and extant of vegetation 
i.e patchiness (Beats 1964, Best and Stauffer 1980). Bird assemblages based on species 
composition, abundance, richness and diversity along with other attributes as rarity and 
endernism are frequently used for ornithological evaluations and assignment of conservation 
values to sites (Fuller 1980, Fuller and Langslow 1986, Daniels et al. 1991). Birds are also 
considered to be a good indicator of environmental quality and are frequently being used to 
monitor environmental and ecosystem health (Jarvinen and Vaisaunen 1979). Several current 
day studies are focussed on avian communities for environmental impact assessment (EIA). 
Avian communities are also susceptible and responsive to changes in the land use 
pattern (Daniels et al. 1990). Habitat fragmentation as a consequence of clearance of large 
tracts, of forests leads to changes in the avifauna! structure and composition. Species with 
narrow habitat ranges respond to such changes either by becoming locally extinct or show a 
decline, whereas some species adapt to habitat fragmentation (Arnold and Weeldenburg 
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1990). Many species of Neotropical migrants have declined in small isolated woodlots (Lynch 
1987, Wilcove and Robinson 1990). 
1.4 Rationale 
A review of the existing literature indicates that community studies have been mostly in 
the temperate region and relatively few in the tropics. Of the 60 odd papers reviewed for this 
section more than 60% pertain to studies in the temperate regions while about 40% are from 
studies; in tropical forests. These nearly 40% studies have been mostly carried out in the 
Neotropics. 
In India only few studies on the avian community were taken up before 1990's. Beehler 
etal. (1987), Katti(1989), Daniels 1989, Daniels ef a/. 1990, Daniels ef a/. 1991, Daniels ef 
at. 1992, Price (1990), Price and Jamdar (1990), Sundarmoorthy(1991) and Johnsinh and 
Joshua (1994) are the only studies. 
At the biogeographic level; only two studies have been conducted in the Himalayas, 
both in the North-western (Katti 1989, Price and Jamdar 1990) and two in semi-arid regions 
(Gaston 1983 and Sundarmoorthy 1991). All other studies have been conducted in the 
Western Ghats except for Beehler ef al. (1987). There have been no studies in the Gangetlc 
plain particularly and none in the terai region. 
Lying in the Upper Gangetic plain biogeographic zone (Rodgers and Panwar 1988) the 
study site falls under a very important sub-region terai. This region has witnessed some of the 
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most drastic changes owing to the changed land used pattern and Is omithologically poorly 
known. 
Earlier studies in Dudwa National Park had focussed on tew single and threatened 
species such as Swamp deer, Bengal florican and the rhinoceros. Realising this and the 
current management practices in the Park the work on bird community in Dudwa National 
Park was envisaged. This study has been conceived to address certain questions regarding 
the avian community structure and to test whether the much discussed relationship between 
Bird Species Diversity (BSD) and Foliage Height Diversity (FHD) is applicable or not? Study 
has been designed to answer certain question and testing some hypotheses. Special attention 
has been paid on the affect of burning of grassland on the avifaunal composition, density and 
diversity. 
With these perspectives in mind the plan to study bird communities of Dudwa has 
been envisaged. This research into the avian community structure of Dudwa can yield some 
valuable information on the avian community organisation in relation to habitat structure in 
general and overall functioning of the ecosystem in particular. Conservation organisations are 
increasingly using ornithological evaluation as component of wildlife assessment (Fuller and 
Langslow 1986). The base line data gathered on the effect of various management practices 
on the state of the flora and fauna can be helpful in outlining a conservation strategy for the 
better management of the Park. 
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1.6 Objectives 
The avifaunal investigation of the area will be based on the following clearty defined 
objectives and the context in which they have been laid out. To achieve this, following 
questions will be put forth: 
i) In what way the diversity of bird communities is related to the structural diversity of their 
habitat? 
ii) What factors determine the limits to the similarity of the co-existing species? 
iii) What are the important factor(s) which determines the species in its habitat? 
To answer these questions following objectives are outlined : 
1. To conduct bird community studies in moist deciduous terai forest of Dudwa National Park. 
2. To evaluate bird species diversity (BSD), bird species richness((BSR), relative density and 
composition over a period of time. 
3. To find out how the various habitat parameters affect the species diversity and density. 
4. To investigate the effects of management activities for the maintenance of grasslands of the 
area on the avifaunal composition. 
1.6 Hypotheses 
The following hypotheses will be tested 
1. Bird species diversity is greater in habitats of greater vegetational diversity. 
2. Bird species diversity is a function of foliage height diversity (FHD) and cover values. 
3. There are more "specialist" in grasslands than in any other habitat. 
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4. There is little difference in bird species composition in the tall and short grassland and 
mixed forest is more rich and diverse than specialised habitats of grasslands and Sal forest. 
5. The greatest diversity is in the riparian habitat and a similar but disturbed habitat is poor in 
species composition with more generalists and opportunistic species. 
1.7 Or ganlstalon of thesis 
The thesis starts with introduction in Chapter 1, which Includes an overview of the work 
done on the avian communities particularly explaining the trend in community studies. The 
chapter also discusses some of the studies earned out in India. Chapter 2 gives detail of the 
study area, with a description of the terai habitat its status and conservation problems. 
Chapter 3 gives a fairly detailed account of vegetation where the transects were 
monitored. This was done for better understanding of bird habitat relationships. The Chapter 4 
is an important chapter dealing with the avian densities in the selected habitats and 
interpretation of the variation in densities within and between habitats. This chapter also 
includes distribution pattern of birds in each habitat and models for distribution. This chapter 
along 'with the Chapter 6 on guilds and Chapter 5 on Bird-habitat relationships is the mainstay 
of this thesis. 
Chapter 5 on bird guild structure is the first such attempt in India to classify and 
ordinate avian guild based on quantified data on foraging unlike the priori guild classification 
done in most of the other studies. The final part of the thesis (Chapter 6) gives a full account 
of bird-habrtat relationship, including the testing of BSD vs. FHD relationship. The chapter also 
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provides three habitat models for relationship between bird species diversity and habitat 
features. 
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CHAPTER-2 
STUDY AREA 
2.1 The terai 
Terai region is a flat alluvial stretch of land lying between the Himalayan foothills and 
the Gangetic plain. It extends through Uttar Pradesh, parts of Bihar, N-W Bengal, Assam and 
Nepal. It is characterised by soil which is clayey, boulderless and with high moisture content 
The high water table and annual precipitation from 1000 to 1800 per annum play an important 
role in determining the characteristic vegetation of the whole region. The vegetation is moist 
deciduous type dominated by extensive patches of Sal Shorea robusta forest Interspersed 
with grasslands dominated by Saccharum, Typha, Narenga and Sderostachya species. 
Till early 1950's the whole terai region was very thinly populated except for the local 
tribals tharus which inhabited the area. It is believed that a virulent form of malaria prevented 
the colonisation of this area till DDT brought it under control and hence opened this area for 
colonisation. Unimaginative land reform policy on part of the government resulted in leasing 
out of large tracts of highly important terai habitat, primarily grasslands for human settlements 
and cultivation. At that time little importance was attached to the grasslands and were 
generally considered as blanks. As a result of this extensive patches of good terai grasslands 
were converted into arable croplands to cater to human needs. 
n 
The north Indian terai which once covered 12 districts of Uttar Pradesh is now 
restricted to districts of Pilibhit, Lakhimpur-Kheri, Bahraich, Gonda and Gorakhpur covering an 
area of about 6500 sq. km. 
The uncontrolled expansion of agriculture, current land-use pattern and other biotic 
and abiotic factors have reduced the once extensive terai into small fragments (Fig. 2.1). As a 
result what exist today is in protected areas such as National Parks and Sanctuaries amidst 
sea of croplands and human settlements under high biotic pressure. The whole terai is 
considered as a highly endangered ecosystem. There are good number of species of birds 
and mammals which are characteristic to this habitat and good percentage is on the 
threatened list. Certain threatened species are limited to small isolated fragments and are 
vulnerable to extinction due to demographic stochasticity (Javed & Rahmani 1991). 
2.2 Dudwa National Park 
2.2.1 History 
The settlement of forests of the region, then under the Oudh Province was truly started 
in 1856, but was delayed due to the mutiny of 1857. The settlement was completed in 1858. 
In 1860, a tract of finest Sal forest was ceded to Nepal (Leete 1902). 
The present forests of Dudwa National Park were part of the Trans-Sarda Forests and 
are now known as North Kheri Forest division. These forests were part of the Khairigarti 
Pargana till 1861 when they were placed under the Superintendent of Forest. 
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The North Kheri forest division was constituted on 8th April, 1916 vide G.O No. 
313/XIV-31. There is little information on the history of the forests prior to 1861 (Leete 1902), 
but apparently they were under the control of Raja of Khairigarh, which were later taken over 
by the Forest Department and were notified as reserved forests vide notification no. 85/XI-66 
on 23rd January 1937, under the Indian Forest Act (1927). The best Sal trees of the forests 
were felled on a royalty of eight annas to one rupee, and the poorer trees were used for resin 
extraction by the local villagers and hillmen. The selective felling of 7500 best Sal trees 
continued for 25 years after the Government took control of the forest in 1861. 
With the aim of protecting the relict population of swamp deer Cervus duvauceli 
duvauceli in particular, it was declared as Dudwa Sanctuary with an area of 212 sq.km. In 
1977 the area was declared as National Park with a core zone of 490 sq.km. and a buffer 
zone of 124 sq.km. In 1987 the Park was brought under the umbrella of Project Tiger with 
the addition of 201 sq.km of Kishanpur Wildlife Sanctuary (Fig. 2.2). The two areas are not 
contiguous and river Sarda forms a natural barrier between the two areas. Buffer Zone in 
Dudwa National Park (DNP) is located to the north of the core zone and includes tribal 
(Tharus) villages resettled from the core zone. There is just one village in the core zone to be 
resettled. Most of the requirements of the tharus are met by the buffer zone. About 30000 
people continue to live in an area approximately 5 kms wide in and around the Park (Singh 
1982). These are partly dependent on forest for thatch, fodder and fuel wood, and is an 
important management issue. 
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2.2.2 Physical Features 
2.2.2.1 Location 
Dudwa National Park is situated on the Indo-Nepal border in Nigahasan tehsil of 
Lakhimpur-Kheri district. The area falls under Teraj-bhabar biogeographic subdivision of the 
Upper Gangetic Plain (7A) biogeographic classification of Rodgers and Panwar (1988). The 
Park: lies between 28° 18' and 28° 42' north latitude and 80° 28' and 80° 57' east longitude. 
The Himalayan foothills are about 30 km north of the Park. Rivers Suheli and Mohana form 
the natural boundaries of the Park. 
2.2.2.2 Topography 
The Park is a vast alluvial plain, the doab of Suheli and Mohana and scoured with 
channels of several small water courses. The alluvial land falls in two categories the high 
alluvium under Sal and the low alluvium under grasses and miscellaneous species (Leete, 
1902). Along the western and south-western edge of the Sal forest there is a clearly defined 
line of the rugged and scraped ground, about 30 feet from the ground and locally known as 
Suheli damara. These are the only irregularities of surface and are formed by the tow river 
beds and high banks which flank them on either side. There are no prominent eminences. 
The result is a series of elevated plateaus separated by streams flowing from north-west to 
south-east. 
The general slope of the area is from the north-west to south-east. The altitude above 
mean sea-level ranges from 182m in the extreme north to 150 meters in the farthest 
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south-east, a drop of 32m. The elevation is about 156 m at Fort (Qiia), 163 m at Dudwa and 
183 m at Gauri Phanta. 
2.2.2 3 Soil 
Soils of the terai region are a sub-recent alluvial formation (Singh, 1965) and falls 
under the Gangetic alluvium (calcareous type) predominant in the Indo-gangetic plain, under 
the classification of Raychaudhari (1962). These soils are often low in nitrogen and 
phosphorous. Potash is usually adequate as also lime which is liable to form Kankar pan 
especially over bands of clay in the older alluvium (Champion and Seth 1968). There is a 
noticeable kankar outcrop on the damara, near the railway line at Dudwa. At places the 
subsoil at a depth of 40* to 70* shows a layer of hard clay with narrow shingle beds. 
The soil of the area shows a succession of beds of sand and loam. Surface soil is 
sandy in more elevated and better drained areas, loamy in the level upland and clayey in 
depression. There are no boulder formation as in the bhabar tracts. 
2.2.2.4 Rivers and Waterbodies 
The two rivers, Suheli and Mohana run along the southern and northern boundary of 
the Park respectively. Suheli enters the area from the north-west and flows with a very 
irregular course, fed by several small tributary/streams, most of which flow down from higher 
land on the north draining the central depression of the forest tracts. It meets Kauriala river 
after traversing about 45 kilometers. The Mohana river enters the area near Gauri Phanta and 
flows south-east to join Kauriala. At Chandanchowki the river is considerably deep, with 
17 
steep banks and well defined banks (Bhatia 1953). The deep stream of the Mohana river till 
1898 was the natural boundary between British India and Nepal. 
Apart from the two rivers, Park has several large and small lakes. At places height, of 
the northern bank is low and there is formation of oxbows. Frequent change of course by 
rivers and streams has left behind old channels in which the water collects to form numerous 
tals and marshlands, some seasonal and some perennial. 
Except for in monsoon and winter the water is generally confined to the deeper 
waterbodies or tals, the two rivers and several perennial streams like Neora, Jauraha and 
Chabakwa nallahs. There is a well developed system of wells, mostly near the junctions of 
major roads and near the forest posts. 
The water table is high and is available between 3-4 meter depth. There has been no 
great sinking of water table between 1932 and 1952 and also there has been no serious 
drought, such as in 1908 and 1931 (Bhatia 1953). The low lying grasslands get inundated in 
monsoon and become drier in summer, while some areas remain marshy throughout. 
2.2.3 Climate 
The climate of the area is tropical monsoon type. There are three distinct seasons 
(a) the cold season-from 15th October to 15th March 
(b) the hot season- from 15th March to 15th June 
(c) the rainy season- from 15th June to 15th October 
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The nights during winter are very chilly and foggy and often fog remains till most of the part of 
the day. From April to June the days are very hot and humid. 
2.2.3.1 Temperature 
The maximum and minimum temperature in January ranges between 19-23°C from 
year to year whereas minimum varies from monthly average of 8°C to 9.1°C respectively and 
during this period frost occurs in grassland. May to June are the hottest months and 
temperature fluctuates between 38°C to 45°C (Fig. 2 3-2.6). The weather remains pleasant 
between February to April. 
2 232 Rainfall 
The rains start in June and continue till late October, with occasional winter rains 
between November to January. Average annual rainfall varies from 1000 mm to about 1600 
mm and about 75% of it occurs between August and September. Figs. (2.3-2.6) show the 
monthly and annual rainfall pattern in Dudwa National Park from 1991 to 1994. Flooding of 
rivers inundates large areas of grassland in monsoon. The flood water contains large amount 
of silt and prolonged inundation of low lying areas has now resulted in change in floristic 
composition of grasslands. 
2.2.33 Humidity 
The whole of terai is very humid throughout, but the air is nearly fully saturated 
between June. 
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Fig. 2.3 Minimum-Maximum Temperature in 
Dudwa during 1991 
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Fig. 2.6 Minimum-Maximum Temperature In 
1993 
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2.2.3.4 Wind 
Westerly and Northerly are the prevailing winds and they increase in velocity in March 
and usually blow strongly in April and May, when gales often continue for several days 
uprooting trees in more exposed localities (Leete 1902). 
2.2.4 Vegetation 
Forests of Dudwa National Park were under intensive timber exploitation, as a result of 
which selected commercially valuable species were favoured white naturally occurring species 
of little or no commercial value were slowly removed. Dudwa grasslands were planted with 
commercially valuable species such as Dalbergia sissoo, Tectona grandis, Bombax ceiba 
and Acacia catechu. Details of the area under different vegetation types are given in Table 
2.1. 
Vegetation of Dudwa National Park has been classified into seven distinct types. 
1. Sal forest: 
a. Damara Sal- With sal as dominant tree and other codominant includes Asna Terminalia 
alata, Haldu Adina cordifolia, Kusum Schleichera oleosa and Rohini Mallotus phillipensis. 
b. Alluvial Rain Sal Forest - low lying areas mainly consist of Sal, Asna, Haldu, Pula, Kusum. 
2. Mixed Forests: They are fringe forests and are dominated by Terminalia alata. 
3. Riparian Forest: Syzygium, Trewia nudiflora are the dominant species. At places Syzygium 
is replaced by Bamngtonia acutangula. 
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Table 2. 1 Areas under different vegetation type in Dudwa 
National Park 
S.No. Vegetaion type Total Area* Percentage 
1. Sal(Shorea robusta ) 
dominated forest. 
2. Grasslands 
3. Shisham (Dalbergia sissoo) 
dominated forest with grasses 
4. Teak (Tectona grandia) 
plantation. 
5. Jamun {Syzygium cuminii) 
dominated forest along streams 
6. Khair (Acacia catechu) 
7. Eucalyptus plantations 
8. Wetlands and water bodies 
9. Rest houses, roads etc. 
332.35 54.09 
1 1 3 . 1 4 
4 2 . 1 1 
4 0 . 1 1 
31 .92 
21 .16 
14 .22 
1 8 . 3 3 
0 1 . 0 0 
1 8 . 4 1 
6 .85 
6 .52 
5 .19 
3 . 4 4 
2 .31 
2 .98 
0 .16 
Total 614.34 
Computed from satellite data from Landsat-3 pass on 10th 
November 1981) 
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4. Tall wet grasslands: Formed due to inundation of the area by flood waters which stays for 
4-5 months are dominated by Phragmites karka, Arundo donax and Scferostachya fusca 
species. 
5. Upland Grasslands: Major portion of the Dudwa grassland falls under this category. As a 
result of dry season burning and grazing this area is dominated by Saccharum munja, 
imperata cylindrica and Desmostachya bipinnata species. 
6. Sal savanna: consists of 20 to 30% of Sal trees. 
7. Moist Savanna: Dominated by Acacia catechu and Bombax ceiba. 
8. Plantations: Tectona grandis, Dalbergia sissoo, Bombax ceiba and Eucalyptus sp. are 
the major species planted. 
2.2.5 Fauna 
Dudwa National Park is extremely rich in faunal composition. There are 323 species 
reported from the Park (Javed & Rahmani 1996) and during the course of this study more 
than 319 (Appendix 1) birds species have been recorded so far of which some are new 
records. The Fire-capped tit Cephalopyrus flammiceps, the Red-necked Phalarope 
Phalaropus lobatus, the Falcated teal Anas fatoata are some of the new reports from the area. 
There are 31 species of mammals that have been reported from this area. Eight 
species of turtles have been reported from the area of which Indian Eyed Turtle Morenia 
petersi is the new record for Uttar Pradesh and a case of range extension by 400 Kms (Javed 
& Hanfee 1996). Fifty seven species of insects, eight species of fishes, 22 species of reptiles 
and 20 species of mammals were recorded during this study (Appendix 2). 
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CHAPTER-3 
HABITAT ANALYSIS 
3.1 Introduction 
The abundance and distribution of species in area is a function of habitat 
values. Habitat act as a template of ecological and evolutionary processes (Southwood 1977). 
The whole exercise in community study thus, is not restricted to estimating bird abundance 
and diversity but also on the multitude of information on habitat utilised by birds. In the light of 
this a carefully planned vegetation measurements leads to better exploration of community 
patterns and some idea on the processes. Better understanding of bird-habitat relationship is 
more easily explained with large number of habitat variables than the use of few selected 
variables (Wiens and Rotenberry 1981). 
3.2 Methods 
Intensive vegetation studies were done at all the permanently marked transects. These 
transects were further subdivided into 50 meter segments each for intensive vegetation 
studies, to predict relationship between bird species diversity, abundance and vegetation 
structure. 
Out of the six transects, two were in woodland, one each in riparian and Sal forest. 
The remaining four were in grasslands, from open grassland to wooded grasslands. Data on 
vegetation was collected from each transect by circular plots at each segment for all the 
transects. Sampling was done at every 50 meter segment along the transect Tree species, 
number, GBH, height and canopy cover were recorded in a 10 meter radius plot. All species 
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with GBH >15 cm and height greater than 3 meters were considered as trees. Shrubs were 
measured in a 5 meter radius plots with height less than 6 meters, where as herbs were 
measured in a 2 meter radius. 
Foliage height diversity (FHD) was calculated using modification of Erdelen (1984). 
Foliage height registration were made at five points in each segment at every 10 meter interval 
so that there were five points in each 5 meter segment. At each 10 meter sampling points, I 
collected data at 18 different height class intervals. In this manner a total of 1800 registrations 
were made at each transect. Larger number of height classes were kept as the transects 
covered grassland and forests both. Several categories in 0-5 meter class was to account for 
vertical stratification in foliage in short, medium and tall grassland habitats. 
3.3 Analyses 
Rant species diversity richness and equitability indices were calculated using modified 
version of SPECDIVERS, a module of software STATISTICAL ECOLOGY. Shannon-Weaver's 
(H*) and Hill's (N1) diversity indices, Margalefs richness index (R1) and Pielou's equitability 
indices (E1) were used to test relationship between bird attributes and habitat structure. The 
formula for each of these is given below. Principal Component Analysis and Cluster analysis 
were performed on SPSS and STATA and SYSTAT programmes. 
Shanon-Wiener Diversity Index (H') 
H*= -E(PixlnPi) 
Hill's Diversity Index (N1) 
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N1=eH' 
Margalefs Richness Index (R1) 
R1=S-1/ln(n) 
Plelou's Evenness Index (E1 or J") 
J'=H'/ln(S) 
N=total number of individuals 
S=total number of species 
3.4 Results and Discussion 
3.4.1' Habitat Characteristics 
The tree species density was maximum at the riparian habitat with 801.2/ha, followed 
by the Sal Forest with 571.9 trees/ha. Density in wooded grassland was 157.8/ha and was 
comparatively higher than the two other grassland sites (Table 3.1). Density of trees at 
Riparian habitat was significantly greater than the Sal forest (X*=19.1 at P<0.01). In the tall 
grassland habitat of Kakraha no trees were present in the sampling area, though beyond 50 
meter on each side of the transect there was a strip of mixed forest, mostly dominated by 
species like Kusum Schfeichera oleosa and Syzygium cumlnii. 
Riparian habitat was also most diverse and rich with diversity value (IT) of 2.46 and 
richness index of 2.95. This was significantly greater than the diversity and richness values of 
tree species in the Sal forest (Table 3.1). 
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Table 3.1 Tree species diversity, richness and density at five 
transects in Dudwa National Park 
SN. Sites/Habitat Density Diversity Richness 
(hectare) H' Rl 
1. Wooded Grassland 157.8 0.87 1.26 
GJWG 
2. Grassland 62.4 0.51 0.38 
NKSG 
3. Grassland 52.2 0.94 0.8 
PCSG 
4. Tall Grassland - -
KKTG 
5. Riparian Forest 801.2 2.46 2.95 
FLRF 
6. Sal Forest 571.9 1.55 2.29 
CPSF 
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The shrub species density and diversity value was also highest in the riparian habitat 
with 2094.8 shrubs/ha. This was significantly greater than the shrub density at Sal forest and 
at wooded grassland (Table 3.2). No shrub species were recorded during the sampling at the 
other three grassland sites. 
Herb density also showed a similar pattern and the riparian habitat had the maximum 
density of herbaceous vegetation of all the habitats. This was again significantly greater than 
the herb density at Sal forest and Gajrola grassland (Tabte 3.3). Herbs were also present in 
varying density at Navalkhar and Partridge cottage grasslands. Lite density, diversity and herb 
species richness were higher for the riparian. This was followed by Sal forest and wooded 
grassland and Navalkhar grassland (Table 3.3). No diversity and richness value at PC 
grassland inspite of a density value of 113.7/ha is as a result of the presence of just one 
individual. 
Riparian habitat was dominated by Syzygium cuminii (159.2/ha) followed by Acacia 
catechu, two unidentified species UI1 and UI2 and Dalbergia sissoo. A total of 22 species 
were present in this habitat (Table 3.4). Sal Forest accounted for 15 species with three 
dominant species the Shorea robusta (159.2/ha), Syzygium cuminii (171.9) and Mallotus 
phillipensis (168.1/ha) (Table 3.5). The higher density of these species is as a result of their 
occurrence in the lower strata. The abundance of trees at the grassland sites are given in 
table 3.6. At Gajrola wooded grassland Syzygium cuminii was the most dominant tree 
species. This is attributable to the closeness of this site to the Suheli river. Acacia catechu a 
common thorny woody species was second most abundant species in the area. There were 
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Table 3.2 Shrub species diversity, richness and density at five 
transects in Dudwa National Park 
SN. Sites/Habitat Density Diversity Richness 
(hectare) H* Rl 
1. Wooded Grassland 199.3 1.65 1.93 
GJWG 
2. Grassland -
NKSG 
3. Grassland -
PCSG 
4. Tall Grassland -
KKTG 
5. Riparian Forest 2094.8 1.61 2.10 
FLRF 
6. Sal Forest 283.0 1.20 1.08 
CPSF 
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Table 3.3 Herb species diversity, richness and density at six 
transects in Dudwa National Park 
SN. Sites/Habitat Density . Diversity Richness 
(hectare) H' Rl 
1. Wooded Grassland 1834.6 1.22 1.25 
GJWG 
2. Grassland 7032.9 0.95 0.62 
NKSG 
3. Grassland 113.7 -
PCSG 
4. Tall Grassland - -
KKTG 
4. Riparian Forest 30254.7 1.85 2.14 
FLRF 
5. Sal Forest 12663.0 1.71 1.25 
CPSF 
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Table 3.4 Density of trees at riparian forest 
SN. Tree Species Density 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
Acacia catechu 
Albizzia lebbek 
Aegle marmelos 
Acacia pinnata 
Cordia dichotoma 
Cedrella tuna 
Dalbergia sissoo 
Ficus glomerata 
Ficus hispida 
Llanea coromandalica 
Murayya koenigi 
Mailotus philippensis 
Plumeria sp. 
Pongamia glabra 
Putranjiva roxburghii 
Syzygium cuminii 
Shorea robusta 
Trewia nudiflora 
Terminalia alata 
01-1 
01-2 
01-3 
92.99 
8.917 
1.273 
25.47 
11.46 
20.38 
68.78 
48.40 
50.95 
1.273 
16.56 
42.03 
7.643 
1.273 
5.095 
159.2 
7.643 
17.83 
1.273 
96.81 
98.08 
19.10 
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Table 3.5 Density of tree species at Sal forest 
SN. Tree Species Density 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
Albizzia lebbek 
Cordia dichotoma 
Cedrella tuna 
Ficus glomerata 
Grewia tiliefolia 
Lagerstroemia parviflora 
Mangifera indica 
Murayya koenigi 
Mallotus philippensis 
Mitragyna parvifolia 
Mxliusa velutina 
Syzygium cuminii 
Schleichera oleosa 
Shorea robusta 
Terminalia alata 
01-1 
1.273 
1.273 
1.273 
1.273 
1.273 
2.547 
1.273 
1.273 
168.1 
10.19 
29.29 
171.9 
1.273 
159.2 
1.273 
20.38 
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Table 3.6 Density of tree species at the three grassland 
localities 
Density 
SN. Tree Species 
GJWG NKSG PCSG 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Acacia catechu 
Bombax ceiba 
Cedrella tuna 
Dalbergia sissoo 
Ficus glomerata 
Mailotus philippensis 
Syzygium cuminii 
Terminalia alata 
Trewia nudiflora 
22.15 1.384 1.273 
2.769 5.58 22.92 
2.547 
60.92 25.47 
1.384 
11.07 
117.6 
1.384 
1.384 
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no trees in the Kakraha tall grassland, whereas the two short-medium grasslands showed a 
preponderance of Dalbergia sissoo and Bombax ceiba (Table 3.6). 
3.4.2 Principal Component Analysis for habitat variables 
The principal aim of the vegetation analysis was to later use these information in 
predicting relationship between bird species and vegetation attributes. A Spearman rank 
correlation was performed on ten vegetation variables which have been later used for the 
prediction of bird species attributes. Result of the analysis shows that most of these variables 
are intercorrelated, showing positive relationship (Table 3.7), significant at (P<0.01 or 
PO.Q01). To identify few important variables from a set of these, I performed Principal 
Component Analysis (PCA), a multivariate statistical technique that reduces the 
dimensionality by deriving few uncorrelated components from a set of those original variables. 
The first few extracted components explain most of the variation in the data. 
3.4.3 Ordination of sites 
3.4.3.1 Ordination of sites based on tree density 
A Principal Component Analysis (PCA) was performed on the vegetation data to 
ordinate the sample sites in the species space, based on the density of tree species (Fig. 3.1). 
It shows all the four grasslands clustered at one place either by virtue of low tree density or 
presence of some similar species. The riparian habitat was positively loaded on both the 
components whereas Sal forest was positively loaded on the PC-I and negatively loaded on 
PC-II. The first PC axis explained about 74% of the variance in data set. 
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Fig. 3.1 Plot of habitats on Principal Component axes 1 and 2 
based on tree densities. 
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3.4.3.2 Ordination of sites based on vegetation attributes 
The second approach was to perform the ordination of sites, not just based on the tree 
density, but taking other vegetation variables such as density, diversity, richness and species 
number of tree and shrub species. Foliage height diversity was also used to illustrate the 
ordination results. Results from this are very different from what is discussed in the previous 
section. Table 3.8 shows loading of each site on three axes. I only used first two components 
in data interpretation as they explained maximum variation in the data. The PC-I accounted for 
87% of variance and PC-I I accounted for about 7% of the variation. The two components 
together explained 94% of the total variance. 
PC1 is highly positively correlated with all the variables used in the analysis. PC2 is 
negatively correlated with tree density, tree diversity, tree richness, shrub density and tree 
species number, but positive loading of vertical heterogeneity, shrub richness and shrub 
diversity indicate that localities with greater shrub diversity and richness will be positively 
related to PC2. Fig. 3.2 shows the relationship of sites based on these attributes. These sites 
are ordinated in habitat variable space (R-mode analysis), derived from the PCI and PC2 
score for each site (Table 3.9) from the habitat variables. The two sites NKSG and PCSG are 
grouped together by virtue of similarity in the two sites in terms of similarity in tree abundance 
and shrub species. The tall grassland of Kakraha was most distinct because of no trees and 
shrubs. The riparian forest was similar to wooded grassland because of the higher density 
values of Syzygium cuminii and few layers of foliage (Fig. 3.2). This relationship is clearly 
evident in the cluster diagram (Fig 3.3) based on Pearson's correlation coefficient. Thus PC1 
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Table 3.8 Principal Component Analysis of habitat 
variables showing component loadings 
Components 
Variables 
1 2 3 
Tree Density 
Tree Diversity 
Tree Richness 
Tree Cover 
Shrub Density 
Shrub Diversity 
Shrub Richness 
Tree Species Number 
Shrub Species Number 
Foliage Height Diversity 
0.937 
0.930 
0.972 
0.930 
0.831 
0.914 
0.915 
0.986 
0.954 
0.969 
-0.283 
-0.311 
-0.150 
0.207 
-0.413 
0.395 
0.331 
-0.109 
0.095 
0.210 
0.125 
0.091 
0.164 
0.292 
-0.370 
-0.079 
-0.229 
0.124 
-0.285 
0.109 
VARIANCE EXPLAINED BY COMPONENTS 
8.738 0 . 7 4 3 0 .439 
PERCENT OF TOTAL VARIANCE EXPLAINED 
87.376 7.433 4.389 
Table 3.8 contd. 
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ROTATED FACTOR LOADINGS 
Components 
1 2 3 
0.347 
0 .330 
0 .458 
0 .666 
0 .303 
0 .884 
0 .874 
0 .506 
0 .737 
0 .736 
0 .543 
0 .579 
0 .455 
0 .136 
0 .883 
0 .247 
0 .381 
0 .461 
0 .579 
0 .268 
0 .747 
0 .726 
0 .760 
0 . 7 2 9 
0 . 3 5 3 
0 .394 
0 . 3 0 1 
0 .728 
0 . 3 4 9 
0 .617 
VARIANCE EXPLAINED BY ROTATED COMPONENTS 
3.861 2.461 3.598 
PERCENT OF TOTAL VARIANCE EXPLAINED 
38.608 24.610 35.980 
Tree Density 
Tree Diversity 
Tree Richness 
Tree Cover 
Shrub Density 
Shrub Diversity 
Shrub Richness 
Tree Species Number 
Shrub Species Number 
Foliage Height Diversity 
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Table 3.9 Component loading of sites on PCI, PC2 and PC3 and 
variance explained by each component 
SITES 
COMPONENT LOADINGS 
1 
0 .893 
0 .854 
0 .851 
- 0 . 2 2 4 
0 . 6 9 1 
0 .995 
2 
- 0 . 4 2 9 
0.517 
0 .522 
0 .247 
- 0 . 6 9 9 
0 .036 
3 
0 . 1 2 8 
- 0 . 0 4 7 
- 0 . 0 4 9 
0 . 9 4 3 
0 . 1 8 6 
0 . 0 5 1 
Tall Grassland (KKTG) 
Short Grassland (NKSG) 
Short Grassland (PCSG) 
Riparian Forest (FLRF) 
Wooded Grassland (GJWG) 
Sal Forest (CPSF) 
VARIANCE EXPLAINED BY COMPONENTS 
3.768 1.274 
PERCENT OF TOTAL VARIANCE EXPLAINED 
6 2 . 8 0 7 21 .232 
0 .947 
1 5 . 7 7 8 
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Fig. 3.3 A dendrogram of similarities of the six sites based on habitat attributes. 
DISTANCE METRIC IS 1-PEARSOH CORRELATION COEFFICIENT 
SINGLE LINKAGE METHOD (NEAREST NEIGHBOR) 
DISTANCES 
0.000 2.000 
Tall Grassland (HTGI 
Short Grassland (NISG) 
Short Grassland (PCSG) 
Riparian Forest (FIRF) 
Hooded Grassland (GJNG) 
Sal Forest (CPSF) 
hn 
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can be interpreted as tree species dependent and PC2 as shrub species and vertical 
heterogeneity dependent components. 
3.4.3.3 Riparian Habitat 
I also used similar ordination for two forest habitats. Instead of using all the vegetation 
attributes, I used density of tree species across the sampling points. I used a Q-mode strategy 
to see how different species are distributed in sampling unit space. This was done to look at 
the species and their distribution pattern. Species with higher density values were loaded 
high up on PC1, either positive or negative. Syzygium cuminii with maximum density was 
negatively loaded on PC1 and positively loaded on PC2. Species with similar abundance 
values were more closely clustered as evident by their grouping (Fig 3.3). All these species 
showed positive values on PC1 and PC2. Another group of species with lower density values 
were loaded negatively on both PC1 and PC2. The axis one of PC accounted for 45% of 
variance in data, PC2 accounted for 19% of variance and PC3 accounted for about 9% of 
variance. The first two components accounted for 64% of total variance and first three 
explained 73% of the total variance in the data set. Cluster diagram (Fig. 3.4) depicts the 
classification based on their similarities in abundance pattern. The first cluster is formed by 
grouping of four species, Llanea conomondalica, Aegle marmetos, Terminalia alata and 
Pongamia glabra. Another cluster was formed by joining of this group by Putranjiva 
roxburghii, Cordia dichotoma and Albizzia lebbek. All these species occurred in lower 
densities. Species with higher density values were clustered separately but did not show a 
clear relationship. 
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Fig. 3.4 a Cluster diagrai (single linkage-nearest neighbor aethod) to 
show species association in riparian habitat 
DISTUCES 
0.000 200.000 
SC . 
PG 1 
DS 1 
HP 1 
CT 1 
SR , 
013 1 
H 
TI 1 
AL , 
LC —| 
M -
Tl -
PG - I 
PR 1 
CD — r 
PS 1 
W 1 
PB -i 
Oil 1 
iC 1 
012 1 
Refer to Table 3.4 for species abbreviations 
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3.4.3.4 Sal Forests 
Ordination of Sal Shorea robusta forest data also showed similar trends. Sal was the 
most characteristic species and showed distribution, Independent of other species, largely due 
to occurrence of only Sal in such plots. The presence of Syzygium cuminii and Malfotus 
phillipensis together (Fig 3.5) is due to strong association between the two and also due to 
higher abundance of these two species in the Sal forest. This is signified by high positive 
loading on PC1 and PC2. Species with lower abundances (Table 3.5) such as Miliusa 
velutina, Schleichera oleosa, Mitragyna parvifolia and Lagerstroemia parvifkxa showed 
clustering and were negatively loaded on PC2. So species with higher densities showed high 
loading on PC1 (+ve and -ve), where as the PC2 is low density axis. The ordination of species 
along a density gradient is because of absence of any other environmental variable that could 
discriminate the species and also because of the homogeneity of the sampling units. 
3A.4 Foliage Profile 
Data collected from foliage height diversity (FHD) was used to construct the foliage 
profile for each transect. Foliage profile given in Chapter 6 (Fig. 6.2 to Fig 6.7) clearly 
illustrates foliage abundance in relation to height. The abundance values are based on total 
number of positive foliage height registrations against total points at each sampling point 
along the transect. Number of layers in the Sal forest was maximum as all the eighteen height 
classes were present. This was followed by riparian and wooded grassland with 14 height 
classes. The number of height classes present at other grassland localities varied, with lowest 
in PC grassland (Fig 3.6). Foliage height diversity (FHD) values showed a corresponding 
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Fig. 3.5 A Cluster diagrai (single linkage nearest neighbor Mthod) to 
shov species association in Sa) Forest 
DISTAMCES 
0.000 200.000 
MP 1 
SC 1 
SR
 : ' 
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O H • 
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Refer to Table 3.5 for species abbreviations 
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result as FHD was maximum for Sal forest and lowest for the short grassland of Navalkhar (Fig. 
3.7). 
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CHAPTER-4 
BIRD DENSITIES, ABUNDANCE AND DISTRIBUTION PATTERNS 
4.1 Introduction 
Estimation of densities for birds has been an integral part of the community studies 
and along with information on bird species diversity, it is a very useful indicator of habitat 
quality. Both these bird attributes have greater significance from management perspective. 
Changes in bird abundance, both spatial and temporal are characteristic of avian communities 
in the tropics (Karr 1976). Variation in bird abundance, both in time and space can either 
result from various population processes such as immigration, emigration, recruitment or 
mortality or also due to changes in the structure of habitat, abundance and scarcity of food 
resources. These processes are often very subtle and require a very careful examination to 
discern such changes. This makes the exercise through which the data are recorded as 
central to the whole study. 
Basic data for any study on bird community structure is derived from the census done 
on a regular basis in different habitats. Thus the census methodology- the design and type 
assumes fundamental importance for every bird community study. 
Various census methods like transect count (Emlen 1971), point counts (Hutto et al. 
1986), spot-mapping for breeding birds, mark and recapture and several other methods have 
been used by scientists woridover to estimate bird densities with varying degrees of success. 
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Each method has it's own advantages and disadvantages and sometimes it becomes difficult 
to decide as to which one is more appropriate under the circumstances and objectives of the 
study. 
Different census methods are applied in different situations. Each method is 
appropriate for a particular area and habitat where the study is to be carried out. In cases 
where selection of a particular method is done not on objective ecological considerations but 
on the basis of preconceived notion, fascination and individual's liking, results have often been 
inadequate for any useful interpretation. It is imperative that selection of a particular method 
should be done after actual field trials for feasibility and effectiveness. 
The review of existing literature on community studies shows a bias for some census 
techniques. One census methodology which works in temperate regions may not be very 
effective in tropical regions, the one in plains may not give the similar accuracy in the hills. 
Then there are methods which are applicable only in certain habitats and in certain seasons 
such as spot mapping of territories is only restricted to breeding season. Given the 
usefulness, efficacy and the research goals, a method should be chosen to sample the birds 
of the area. Vast amount of research papers available on avian communities elaborately 
discuss the use and effectiveness of various bird sampling technique. There is plenty of 
literature available on the census methodologies. Design and development of census 
techniques is a highly specialised area of research. Validation and formulation of census 
techniques is thus a whole discipline in itself and is the very basis of all community studies. 
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4.2 Methods 
Line transect method has been used since early 1930's (Bumham et el. 1980) for 
estimating the abundance of wildlife populations. It is not only practical and efficient but is 
relatively inexpensive too. It is also applicable for round the year monitoring. Point count was 
initially tried but the efficiency and species turnover was 20-30% less than in the line transect 
method and was preferred over point count method. For studying community structure in 
Dudwa National Park, eight permanent line transect* were laid in different habitats, of which 
regular monitoring was done only for six transects. Monitoring on the other two transects could 
not be continued because of the logistics. Each transect was 1250m in length and was 
monitored on a fortnightly basis. All these transects were further subdivided into 50 meter 
segments each for intensive vegetation studies, to test relationship between species diversity, 
abundance and vegetation structure. 
Transects were monitored during winter (November to February) and summer (March 
to June). All transects were monitored from November 1991 to June 1992, November 1992 
to June 1993 and December 1993 to June 1993. All transects were again monitored In the 
winter of 1994 (November to mid March). The data collected from these transects spread over 
two seasons, winter and summer. No data collection was possible in monsoon, from June to 
October because of the inaccessibility to most of the areas due to rains. 
Of the six transects, two were located in woodland, one each in the riparian and Sal 
forest. The remaining four were in grasslands, from open grassland to wooded grasslands. 
Table 4.1 gives a breakup of the type of habitat for each of the six transects and the number 
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Table 4.1a Details of transects monitored for estimating bird 
densities 
Sn. 
1. 
2. 
3. 
4. 
5. 
6. 
Transect Code 
GJWG 
NKSG 
PCSG 
KKTG 
FLRF 
CPSF 
Locality 
Gajrola 
Navalkhar 
Partridge Cottage 
Kakraha 
Sathiana 
Choti Pallia 
Habitat 
Wooded Grassland 
Short Grassland 
Short Grassland 
Tall Grassland 
Riparian forest 
Sal Forest 
*Transect code: The first two letters of transect are the 
localities i.e GJ= Gajrola, and the last two letters stand for 
the type of habitat i.e WG= wooded grassland, TG=tall grassland, 
SG=short grassland, RF=riparian forest and SF=sal forest 
Table 4.1b Showing the transects and nonitoring done in each 
winter and summer season during the study period 
Sn. Transect 
1. GJWG 
2. NKSG 
3. PCSG 
4. KKTG 
5. FLRF 
6. CPSF 
Total Monitoring 
91-92 
6 
7 
9 
8 
8 
8 
46 
Winter 
92-93 
6 
6 
6 
5 
6 
6 
35 
93-94 
4 
4 
4 
6 
4 
4 
26 
Total 
16 
17 
19 
19 
18 
18 
107 
Summer 
92 
8 
7 
9 
7 
7 
7 
45 
93 
6 
6 
6 
5 
6 
6 
35 
Total 
14 
13 
15 
12 
13 
13 
80 
*The same abbreviation of transect will be followed in rest of 
the text 
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of monitoring for each transect during the 1991-1994. At each monitoring of transect, 
following variables were recorded for every bird that was detected. Only the first two, 
perpendicular distance and number of individuals at each sighting were used in density 
estimation. 
i) perpendicular distance 
ii) bird species and their number 
iii) perch height or vertical distance 
iv) primary activity 
v) plant species 
vi) plant height 
vii) foraging behavior 
No strip width was fixed and all transects were open width and all birds seen on or 
near the transect were used in analyses. Most of the sightings were within 50 meters on either 
side of the transect line, though it varied from one habitat to another. Calls were also recorded 
but were not used in data analyses for density estimation. Birds in flight were also not 
recorded. All monitoring of the transects were done 15 minutes after sunrise and only on 
clear days. Each monitoring was completed in about two-to two and half hours on a clear day. 
4.3 Analyses 
Analysis for density estimation was done using computer software Transect-ll (Laake 
et al. 1979). The Fourier series (FS) estimator, used in the analysis is the expansion of 
probability density function (pelf), f(x). Fourier series estimator is a robust nonparametric 
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procedure in which the difference in detectability between different habitats Is taken care off 
by the pooling robustness of FS estimator and its estimation efficiency. The density estimates 
from this estimator are independent of inter-habitat differences and easy to compute for 
ungrouped perpendicular distances (Burnham et al. 1980 and 1981). Estimated density of 
objects was calculated from the following formula 
nF(0) 
D = 
2L 
n = Total number of bird groups seen; L = Length of the transect 
F(0) = Probability density function 
To fit a distribution model to the species-abundance pattern of birds in Dudwa at 
different transects, I used the lognormal model following Pielou (1975) using tog to the base 
2. Each species rank or class (octave) was double of the previous abundance class. 
Lognormal distribution was calculated by: 
S(R) = So. **"" 
S(R) = number of species in the Rth octave 
So = number of species in the modal octave and is given by 
a = inverse measure of the width of the distribution and is calculated by 
h[(So)/5(RJ 
a = 
H met 
f 
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The number of hypothetical species available for observation was computed by using following 
equation: 
S*=1.77x(So/a) 
4.4 Results and Discussion 
A total of 191 bird species were sampled on transect out of the total 319 species seen 
during the study. About 60% of all the bird species were seen on the transects. Considering 
that 319 bird species included a good percentage of wetland birds which were not sampled 
by transect as transects were laid to sample only land birds, the sampling efficiency by 
transect was good. 
4.4.1 Bird Densities 
4.4.1.1 Overall Density of Birds: Seasonal patterns 
Table 4.2 shows bird density (number/ha) for winter. The density values are from the 
pooled data. The highest density values were obtained for the wooded grassland of Gajrola 
(23.64 ± 1.204 birds/ha), followed by the riparian habitat (15.15± 0.999 birds/ha). The lowest 
densities were observed in the two most specialised habitats, the tall grasslands of Kakraha 
and the Sal Forest (Table 4.2). All the density values had narrow confidence limits. 
Summer densities at these transects differed from the densities in winter as the 
wooded grassland showed lower density (Table 4.3). This decline can be attributed to two 
factors, the number of passerines in winter augment the densities, whereas in summer this 
area has low number of breeding birds by virtue of being disturbed. 
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Table 4.2 Group density (birds/hectare) during winter from ungrouped and 
untruncated data. 
Transects 
GJWG 
NKSG 
KKTG 
PCSG 
FLRF 
CPSF 
Density (D) 
(Numbers/hectare) 
23.64 
12.35 
5.10 
12.64 
15.15 
11.83 
Standard 
Error 
0.6147 
0.3460 
0.5382 
0.3697 
0.5102 
0.3749 
Percent Coef. 
of Variation 
5.3 
5.3 
21.2 
4.9 
5.3 
6.4 
95% Percent 
Confidence Level 
± 2.423 
+. 1.273 
± 2.121 
± 1.210 
± 1.568 
± 1.484 
Table 4.3 Group density (bird/hectare) during summer from ungrouped and 
untruncated data 
Transect 
GJWG 
NKSG 
KKTG 
PCSG 
FLRF 
CPSF 
Density (D) 
(Nurabers/hectare) 
15.81 
10.31 
8.0 
11.77 
22.20 
15.37 
Standard 
Error 
0.5236 
0.3598 
0.3598 
0.3578 
0.6820 
0.5925 
Percent Coef. 
of Variation 
5.3 
5.3 
6.9 
5.5 
5.2 
6.4 
95% Percent 
Confidence Level 
± 1.612 
1 1.064 
+. 1.123 
+. 1.262 
+. 2.263 
+, 1.915 
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Being in close proximity to the village, there is unlimited cattle grazing, grass cutting 
and often intentional burning of the grass patches late in the season (March-April) causes 
disturbance and discourages breeding in this area. This seems to be the reason tor low 
recruitment and low population densities in summer in contrast to the other transects which 
show an increase in bird densities as a consequence of recruitment in the post breeding 
period which is further augmented by the arrival of summer migrants. 
Bird densities in Dudwa though vary between the summer and winter, yet no 
significant difference was observed between winter and summer (K-Wallis X^= 5 at P>0.415). 
The data were pooled for all the transects for winter and summer comparison. Absence of any 
significant seasonal difference is because of the heterogeneous nature of the sampling units. 
The forest habitats which get a large number of winter migrants also have good number of 
residents and summer migrants. In summer, the post breeding period recruitment of 
sub-adults increases the densities which narrows the density values between winter and 
summer and cause disappearance of any statistically significant relationship. 
4.4.1.2 Density patterns within habitats 
The density values at the wooded grassland were higher than other grassland habitat 
in all the three winter seasons and did not differ significantly between the years as also 
apparent from coefficient of variation varying between 11.2% in winter 1991 to 8.9 in winter 
92-93 and 10.5% in winter 1994. Values in summer also did not vary significantly between 
the year, 11.56 birds/ha in summer 1992 to 13.52 birds/ha in summer 1993 (Table 4.4). 
53 
Table 4.4 Winter and sutiner bird densities (birds/hectare) at Gajrola transect 
from untruncated ungrouped data 
Density(D) 
Season (Numbers/hectare) 
Winter 1991 
Winter 1992-93 
Winter 1994 
Sumner 1992 
Suiroerl993 
19.28 
28.50 
18.04 
11.56 
13.52 
Standard 
Error 
1.199 
1.239 
0.858 
1.058 
0.661 
Percent Coef. 
of Variation 
11.2 
8.9 
10.5 
13.9 
8.3 
95% Percent 
Oonfidence Level 
1 4.239 
± 4.946 
+. 3.700 
+. 3.159 
+. 2.205 
Table 4.5 Winter and summer bird densities (birds/hectare) at Navalkhar transect 
from untruncated ungrouped data 
Season Density (D) 
(Numbers/hectare) 
Winter 1991 
Winter 1992 
Winter 1994 
Summer 1992 
Summer 1993 
17.44 
10.60 
8.03 
12.50 
7.98 
Standard 
Error 
0.8957 
0.5675 
0.5323 
0.6206 
0.4627 
Percent Coef. 
of Variation 
9.8 
8.9 
13.6 
8.0 
8.2 
95% Percent 
Confidence Level 
i 3.368 
+. 1.851 
+ 2.140 
± 1.955 
± 1.280 
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Bird densities at the short grassland of Navalkhar (NKSG) also showed similar pattern 
as in GJWG. Winter densities did not vary significantly during the three years (X*=3.93, 
P>0.05). Similarly the densities in summer 1992 and 1993 also showed no statistically 
significant difference pc=1.32, P>0.05). Coefficient of variation was 8% in summer 1992 and 
8.2% in summer 1993 (Table 4.5). 
Lowest densities were recorded in the tall grasslands of Kakraha when compared to 
other grassland habitats. The group density was maximum at this transect in winter 1992 with 
13.23 birds/ha though the difference was not statistically significant from densities in 1993 
and 1994 (Table 4.6). Summer densities at this transect also did not differ significantly 
between 1992 and 1993 (Table 4 6) though density of 4.30 birds/ha in 1993 was low and 
showed a maximum percent coefficient variation (30.6%) which was highest than all the 
transects for all the years. 
Short grassland transect PCSG, showed trends in densities similar to other transects 
of grasslands. There was no significant difference in densities between winter 1992 to winter 
1994 (Table 4.7). The variation in densities during summer 1992 was not significantly 
different from that in 1993 (Table 4.7). 
The densities in riparian habitat was highest in the winter of 1992 but it did not show 
statistically significant difference from densities in winter of 1993 and 1994 (Table 4.8). 
Maximum density at this habitat was observed in summer 1992 (23.18 birds/ha) which is 
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Table 4.6 Winter and sunmer bird densities (birds/hectare) at Kakraha transect 
from untruncated ungrouped data 
Density(D) 
Season (Numbers/hectare) 
Winter '91-92 
Winter '92-93 
Summer '92 
Sunroer '93 
13.23 
6.58 
8.50 
4.30 
Standard 
Error 
0.5276 
0.4857 
0.5358 
0.7351 
Percent Ooef. 
of Variation 
9.0 
10.3 
8.8 
30.6 
95% Percent 
Confidence Level 
+. 2.345 
+ 1.326 
i 1.462 
i 2.580 
Table 4.7 Winter and sunmer bird densities (birds/hectare) at Partridge Cottage 
transect from untruncated ungrouped data 
Seasons Density (D) 
(Ntmbers/hectare) 
Winter 1992 
Winter 1993 
Winter 1994 
Sunmer 1991 
Sunmer 1992 
11.63 
13.77 
6.13 
13.12 
10.15 
Standard 
Error 
0.5487 
0.6983 
0.5319 
0.5423 
0.5299 
Percent Ooef. 
of Variation 
6.5 
8.4 
17.1 
7.4 
9.5 
95% Percent 
Confidence Level 
± 1.478 
± 2.269 
+, 2.058 
1 1.901 
± 1.883 
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Table 4.8 Winter and summer bird densities (birds/hectare) at riparian transect 
front untruncated ungrouped data 
Density (D) 
Season (Numbers/hectare) 
Winter 1992 
Winter 1993 
Winter 1994 
Sunnier 1992 
Summer 1993 
17.11 
15.09 
12.55 
23.18 
14.59 
Standard 
Error 
0.7415 
0.8803 
0.7531 
1.112 
1.278 
Percent Ooef. 
of Variation 
7.6 
8.6 
11.0 
7.5 
13.7 
95% Percent 
Confidence Level 
1 2.555 
+. 2.557 
1 2.715 
1 3.424 
i 3.931 
Table 4.9 Winter and sunmer bird densities (birds/hectare) at CP Sal forest 
transect from untruncated ungrouped data 
Density(D) 
Season (Numbers/hectare) 
Winter 1992 
Winter 1993 
Winter 1994 
Sunmer 1992 
Sunmer 1993 
14.57 
11.22 
5.01 
16.35 
12.78 
Standard 
Error 
0.5838 
0.6673 
0.3970 
0.6951 
0.9025 
Percent Ooef. 
of Variation 
8.3 
10.9 
17.0 
6.9 
11.8 
95% Percent 
Confidence Level 
± 2.376 
± 2.405 
i 1.668 
+. 2.222 
+. 2.951 
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possibly due to increase in summer migrants and post bleeding recruitment to the bird 
population (Table 4.8). 
Bird density at Sal forest was lower than that in the riparian habitat and the values for 
winter 1992 and 1993 were not statistically different. The low density in winter 1994 may be 
attributed to the smaller sample size which is also explained by higher percentage of 
coefficient of variation (Table 4.9). The density in summer was higher than that in the winter of 
1992 (like in riparian habitat) and 1993. 
4 4.1.3 Density patterns and habitat gradients 
A paired t-test was done to examine the differences in density values across different 
habitats (Table 4.10). On a broader habitat scale density values were not statistically 
significant. Overall density was higher in the forest habitats. The lowest density was observed 
in the tall grassland habitat of Kakraha, both during winter and summer. The very tall and 
dense grasses prior to burning provide very limited foraging opportunities to a majority of 
grassland bird species. 
Species such as Yellowbellied wren warbler Prinia flaviventris, Large grass warbler 
Graminicola bengalensis, Fantail warbler Cisticola exilis, Yelloweyed Timalia piieata and 
Redeyed Chyrosoma sinense babblers are largely skulkers and restricted to the patches of tall 
grasses. Whereas species like bushchats, larks and pipits prefer more open areas and 
patches of short grasses. The low density of birds can also be attributed to the influence of 
habitat on detectability (Katti 1989) and habit of these species. 
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Table 4.10 T-test for the comparison of density values between different 
transects during winter (lower diagonal) and summer (upper diagonal) 
Transects GJWG NKSG PCW3 KKTG FEW CPSF 
GJWG - t=0.71 t=0.82 t=2.0 t=-1.20 t=-0.73 
NS NS NS NS NS 
NKSG t=1.42 t=-1.58 t=22.5 t=-4.25 t=-8.70 
NS NS * NS NS 
PCWG t=3.16 t=-0.29 t=-5.25 t=-2.23 t=-4.50 
NS NS NS NS NS 
KKTG t=1.76 t=-43.3 t=0.64 t=-5.66 t=-25.8 
NS NS NS NS * 
FIHF t=1.39 t=-0.64 t=1.63 t=2.68 t=1.72 
NS NS NS NS NS 
CPSF t=1.75 t=0.86 t=0.07 t=1.81 t=-4.82 -
NS NS NS NS NS 
* significant at P>0.05 
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Grasslands undergo radical changes due to management activities in Dudwa where 
tall grass stands of 5-7 meters at the peak of growth are reduced to 5-10 cms of new green 
grasses after burning. This greatly alters the structure of grassland and affects the 
composition of dependent avian species. 
Burning of these tall grass stands has two types of effects; a) it alters the habitat by 
creating openness and b) easy and possibly increased food availability. Opening in habitat 
due to burning is not very suitable for species such as Large grass warbler, Yellowbellied 
wren warbler and the Yellow and Redeyed babblers. These birds respond to such 
management activities by either moving into different nearby grassland or restrict themselves 
to the unburned patches of the tall grasses. A week after burning, the fresh growing grasses 
harbour good insect biomass and there is increased invasion of insectivore species such as 
bushchats. The clear visibility, plenty of perch in the form of incompletely burnt grass culms 
provide an ideal foraging ground to these birds. There is an influx of such species leading to 
the increase in bird densities in the post-bum period. 
Easy availability and increase of food in form of insects in the area attracts insectivore 
species resulting in increased abundance. Gryzbowskj (1982) has also argued that 
abundance is influenced by the abundance of food and feeding opportunities. Drastic change 
in structure of the grassland as a result of burning not only influences abundance of birds and 
availability of food resources, but also alters the species composition (Bushchats, Larks and 
Pipits replacing tall grass species like Large grass warbler, Red and Yelloweyed babblers). 
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The density of birds at the wooded grassland transect GJWG, which represents a 
transition between grassland and forest is distinctly different from the other grassland sites. 
The higher density in winter and lower in summer is due to the influx of large number of winter 
migrants, which is as a result of presence of large number of trees, closeness to riparian 
habitat and also due to the presence of Ficus species, which are important food resource for 
host of frugivore species. As the spring migration sets off, birds leave the area for their 
breeding quarters. Post burning changes and filling of empty niches as a consequence of 
departure of migrants is not similar to other habitats (same kind of influx of birds in the post 
burn period). This is due to the disturbed nature of the habitat as discussed earlier and is 
prime reason for decrease in the bird density at this transect in summer. As a result, the 
winter density at this transect is apparently different from the remaining three 
mid-successional grassland sites which represent another extreme of the grassland-woodland 
continua. 
4.4.2 Bird Species-abundance patterns In Dudwa 
A better and much sharper picture of community patterns emerges when abundance data 
are summarised and plotted in such a way that abundance of each species in a community is 
a rank from the most to least abundant. Such abundance patterns or distribution models are 
related to the organisation of communities and utilises all information in a community. 
Magurran (1988) considered them as the most complete mathematical description of the data 
and a tool for detecting patterns or trends (May 1975). Species abundance patterns 
adhering to the lognormal distribution, a common model in most of the biological communities 
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(Sugihara 1980) is indicative of the community equilibrium (Ludwig and Reynolds 1988). 
This can also be used in detecting community patterns across the season. 
I used the species abundance data from each of the six sites and ranked them from 
the most abundant to the least abundant or rare. The frequency of species (ordinate) were 
plotted against the log of the abundance rank (number of individuals). 
Fig. 4.1 shows the distribution pattern which in general conforms to the tog-normal 
pattern of distribution, as species are distributed in a manner that the maximum number of 
species are represented by only a single specimen (Krebs 1989). Species with one or two 
individuals constitute 1-2% of the total individuals detected and have been categorised as 
rare. Results from such characterisation (rare) may be misleading as less number of 
individuals of species could be attributed to smaller sample sizes and their detectability. 
Vagrants or birds in transit can also compound this problem and hence should be dealt with 
caution. On most transects only 1-2 individuals of several species were seen and they can 
best be described as uncommon. A true rare species should be considered at the broader 
scale of distribution, not just locally. For instance Bengal Florican in the short grasslands of 
NKSG and PCSG is a characteristic species of terai grassland and with restricted 
distribution, is a true rare or intrinsically rare species (Shankar Raman 1995). But presence of 
other species with single individual, such as Large Racket-tailed Drongo Dicrurus hottentotus, 
Black partridge Francdinus francolinus, Hen Harrier and Lesser Golden-backed woodpecker 
Dinopium benghalense is either because the species are not true representatives of the 
habitat or they are solitary, elusive and hence difficult to detect. 
67 
Fig.4.1 Bird Species-abundance Pattern 
In Dudwa (Truncated Log-normal) 
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On the other extreme there are hardly 5-6 species represented by very large number 
(common species falling in abundance class 64-128 and 128-256 individuals) of individuals. 
4.4.2.1 Fitting the distribution model 
The lognormal curve fitted for each transect using two estimates are shown in Figures 
4.2 to 4 7 Wooded grassland of Gajrola (GJWG) at parameter a= 0.267 and So=18, gave 
total expected species in the area around 106 to the observed value of 105 (Table 4.11 and 
Fig. 4.2). The area under the remaining part of the curve was used to estimate S', the total 
number of species in the community not yet collected. This is done by extrapolating the bell 
shaped curve below the class of minimal abundance and measuring the area. In this manner 
the total species expected was 119, suggesting that 14 species in the community were not 
sampled. The area under the lognormal curve is the total number of species theoretically 
available for observation (Preston 1948). The greater uniformity in the curve on both sides of 
the mode is an indication that most of the rarer species were sampled and the sample sizes 
were adequate, unlike small sample sizes where only right side of the curve is visible (Ludwig 
and Reynolds 1988) and there are more rare species that could not be sampled. 
Curve for the tall grassland at Kakraha (KKTG) with 74 observed species was best 
fitted with a=0.207 and an expected number of 77 species at So=14 (Table 4.11). The 
number of species expected with this model was 119, suggesting that a good number of 
species (42) in the community remained unobserved as depicted by the fitted curve (Fig. 4.3). 
In the two short grassland transects PCSG and NKSG the fitted curves are shown in Figures 
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Fig. 4.2 Distribution pattern of birds 
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Fig. 4.3 Distribution pattern of birds 
at KKTQ and fitted lognormal models 
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4.4 and 4.5. A total of 102 species were observed at PCSG and the number of species that 
were expected as shown by the model were 96 at So = 18.5 and 86 at So = 16.5 (Table 
4.11), less than what was observed. The total number of species that could occur in the 
community was 98 using the same first model with So= 18.5. The fitted curve in Fig 4.4 
shows that there is good coverage, as the curve is more uniformly distributed on each side of 
the mode. At NKSG, the total number of observed species was 84, which was close to the 
number of species at So = 13.5 and a = 0.204, Table 4.11 and Fig 4.5. The estimate of the 
species S' gave total species for the area as 117, 33 less than the observed. 
At the two forest sites, the fitted curve was more normally distributed (Fig. 4.6 and Fig. 
4.7). The number of species observed at the riparian habitat FLRF transect was 103 which 
was about three short of the expected number of species about 106 at So = 19.5 and almost 
same number at So= 19 (Table 4.11). Considering the first equation at So = 19.5 as the best 
fit, there were 114 species that were expected to occur and 111 with the second estimate. 
These suggest that there were just 11 and 8 species that were unobserved in the community. 
This is clearly evident by the bell shaped curve approaching normality (Fig. 4.6). 
The curve in Fig. 4.7 is more interesting, as area under the fitted curve has more area 
on the left side than on the right side, suggesting that there were very few rare species that 
were not sampled, in contrast to the curve on the left of mode. The observed species (70) at 
this transect was lowest when compared to the other transects. The best fit to the distribution 
of birds at this transect was provided by the model with So=15.5 at a=0.355 as the number of 
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Fig. 4.5 Distribution pattern of birds 
at NKSG and fitted lognormal models 
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Fig. 4.6 Distribution pattern of birds 
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Fig. 4.7 Distribution pattern of birds 
at CPSF and fitted lognormal models 
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Table 4.11 Summary of observed and expected species used in fitting lognornal 
model to the bird abundance data at different transects in Dudwa, with 
parameter (a) and number of species in the modal octave (So). 
Sn. 
1. 
2. 
3. 
4. 
5. 
6. 
Transect 
GJWG 
KKTG 
PCSG 
NKSG 
FLRF 
CPSF 
Observed 
105 
(19) 
74 
(14) 
102 
(16.5) 
84 
(13.5) 
103 
(19.5) 
70 
(15.5) 
Expected 
Species 
111.7 
(19) 
76.6 
(14) 
95.7 
(18) 
85.9 
(13.5) 
105.5 
(19.5) 
81.9 
(17.2) 
S(R) 
X2 
47.51 
9.76 
42.3 
4.03 
7.45 
56.8 
Expected S(R) 
Species 
105.5 
(18) 
71.5 
(13) 
85.3 
(16.5) 
77.7 
(12.2) 
102.5 
(19) 
73.8 
(15.5) 
X2 
49.9 
10.5 
49.9 
4.0 
7.5 
61.8 
Parameter 
(a) 
0.267 
0.207 
0.335 
0.204 
0.302 
0.355 
* Values in parentheses are number of species in the modal octaves 
/ • • v "-<A 
'>-\TS08S /-
> ,< 
a. 
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species expected was 74 (Table 4.11). The total number of species In the community, 77 (at 
So=15.5) was also close to the observed number of species. 
The distribution pattern of birds in Dudwa, in general follow the lognormal pattern (Fig. 
4.1) and when fitted with the distribution model using two iterative estimates was closer to 
the observed number of species with one of the estimates and the fitted curve was dose to 
'normal' bell shaped curve. This suggests that the bird data to which the curves were fitted 
were derived from sufficiently large samples which showed limited truncation as the veil line 
in most of the area was close to the origin of the curve as discussed in the preceding 
paragraphs. 
Hence the lognormal pattern of distribution of birds in Dudwa is indicative of a mature, varied 
(Magurran 1988) and species rich community, unlike species poor community (geometric 
model), where single resource is crucial in explaining patterns and a large fraction of this is 
utilised by one or two dominant species (niche pre-emption hypothesis). The broken stick 
model assumes that species in a community partition some critical resources with no 
overlapping. 
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CHAPTER-* 
BIRD GUILD STRUCTURE 
6.1 Introduction 
Guild studies are particularly valuable since they determine the function of avian 
communities and also how these communities are structured in a resource hyperspace used 
by a set of species. According to Holmes ef a/. (1979), structure and function of the 
biological communities are affected by the characteristics, life histories and interaction of its 
/ 
cons tuent species. 
Coexistence of species in an area depends largely on various biological factors, and 
the most important being, partitioning of resources (Lack 1954, Cody 1974, Holmes et al. 
1979). Guilds have been defined as functionally related group of species (Kikawa and 
Anderson 1986). Root (1967) described guild as a group of species that exploit the same 
class of resource in a similar way. Terborgh and Robinson (1986) have identified five levels of 
guilds, such as taxon, diet or trophic level, microhabitat (aerial, terrestrial), foraging substrate 
and foraging behaviour (foraging mode). The last two levels, the substrate and the foraging 
modes have been frequently considered as guild level groupings (Terborgh and Robinson 
1986) and have been used in guild description in most of the recent studies exploring 
patterns in the avian communities. 
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Holmes et al. (1986) defined guild structure as the patterns of resource use among 
co-existing species and with emphasis on similarities and differences in how those species 
exploit resources. Food being the major limiting factor, limited on a spatio-temporal scale, 
communities have often been structured on how food is partitioned and how different species 
occurring in an area differ in the way they exploit food . This in turn results in differential 
utilisation of food by species in community. 
Thus the whole concept of guild can be examined at two levels, i) trophic and ii) 
foraging strategies to exploit food. The second level of foraging strategies is to look at as to 
how many species within the same trophic level utilised the same food differentially. For 
example, in an insectivore trophic level, there will be foliage gleaners, bark probers, prisers 
and air sallying. The second level of guild assignment based on foraging strategy makes a 
realistic assessment of avian communities and how use of different strata, different substrate 
and different mode maximises the resource acquisition and minimises the competition 
leading to co-existence within the same trophic level. 
Most of the earlier guild assignments of the avian communities have been largely 
based on the prior knowledge of the foraging behaviour of the species and thus confined to 
the examination of guild at the trophic levels or diet (Airola and Barett 1985). Recent 
researches have documented a more objective analysis of the bird guild and exploration of the 
second level of guild grouping based on the foraging strategies (Holmes 1979; Holmes ef al. 
1979; Sabo 1980, Holmes and Robinson 1981, Sabo and Holmes 1983; Holmes and 
Recher 1986a and 1986b; Poulinefa/. 1994 and Cale1994). 
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In these studies guild has been examined more objectively using a variety of 
multivariate analyses (MVA), which gave clearer picture and easy identification and 
interpretation of the factors responsible for the characterisation of the avian guild. Composition 
of species within a guild in any given area depends on the habitat related attributes like the 
foraging substrates, the vegetation structure, vertical heterogeneity and other aspects of 
physiognomy (Robinson and Holmes 1982, Robinson and Holmes 1984, Holmes 1986, 
Brown and Stillman 1993). Bird species have been observed to show preferences for perch 
height, food site (Landres and MacMahon 1980), tree species and abundance and 
differences in the prey availabilities (Holmes and Robinson 1981). 
5.2 Rationale 
With this background, studies on the guild in the terai forest of Dudwa National Park 
was initiated to investigate the number of different guilds and their objective classification 
based on differential resource use. The study was designed to understand the underlying 
community patterns and resource partitioning among the syntopic species, determining the 
overall community structure. 
5.3 Methods 
5.3.1 Bird Foraging Observations 
I quantified the foraging behaviour of birds from March 1992 to June 1992 and from 
November 1993 to June 1993. Data were collected while walking on the fixed transects 
established for censusing birds. Most of the data were collected during morning and evening 
hours. Some observations were also collected at other times of the day. Every time a bird 
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made a foraging maneuver or made an attempt to forage (whether capture prey or take any 
other food item), the foraging substrate from which the attempt was made, the substrate on 
which it was targeted, the type of foraging mode employed, approximate height of the bird to a 
nearest of 1-2m, the plant species and height of the plant species were recorded. Atleast five 
observations were made for each individual except when it was not possible to sight the bird. 
This helped in collection of the data on those species which are less conspicuous and 
skulkers. Data for all the individuals across the season for the whole study were pooled on 
the assumption that there is very little or no change in the foraging behaviour of the birds 
during different time of the year, contrary to Cale (1994). This made data amenable to 
multivariate analyses. 
Foraging substrate were characterised as branch, trunk, bark, ground, foliage and 
flower. v 
i) 'Branch'- included small twigs or small branches but not the main stem, 
ii) 'Trunk1- included the main stem of the tree, where mostly species like woodpeckers foraged. 
iii) 'Bark1- included the rough outer layer of the tree trunk and some thicker branches. It was 
taken as a different substrate, not part of the main stem primarily because there were certain 
species which foraged on the tree species where there was bark, 
iv) 'Ground'- included the litter and debris fallen on the ground. 
Various foraging modes that were used in analysis included: 
i) 'Glean'-looking for a sessile food item while the bird is stationary at one place or moving 
during the pursuit. 
S2 
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ii) Dart (Pounce) When a bird quickly dashes on the ground in pursuit of some prey item, 
from a nearby branch normally 1-3 meters above the ground. 
iii)' Probe' (prisers)- It is a modified form of gleaning, where the bird explores and picks the 
prey/food item which are not very conspicuous. Grey tits removing the bark of species like 
Dalbergia to feed on the beetles underneath. 
iv) 'Peck*- When a bird feeds by hitting the bill against the substrate, e.g., ground pecking by 
granivores and pecking on trunk by woodpeckers. 
v) 'Drill'- When a bird hits its bill on a substrate, strongly and rapidly i.e. larger body sized 
woodpeckers. 
vi) 'Hover'- when a bird takes a flight from the nearby perch and remains stationary for 
sometime in air, above the substrate, e.g. hovering in sunbirds and some leaf warblers. 
vii) 'Sally* (Hawk or flycatching)- Bird makes short aerial flight from the perch in pursuit of the 
flying insects and often returns to the same perch, e.g. Green Bee Eater and Drongos. 
A combination of foraging substrate and mode resulted in 28 foraging strategies 
(variables), referred as foraging variable in the following text (Table 5.1). The utilisation 
frequency of these different foraging variables and three more variables viz. body weight, 
foraging height and the standard deviation of foraging heights were used for multivariate 
analyses (Table 5.2). Body weight was taken from Ali & Ripley (1987). 
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Table 5.1 Details of substrate, mode and foraging characters used 
in analyses and their codes 
SN. Substrate Mode Foraging characters Code 
(1) (2) (1x3) 
Sally 
Branch Dart 
Branch Glean 
Branch Probe 
Branch Peck 
Branch Drill 
Branch Hover 
Trunk Glean 
Trunk Probe 
Trunk Peck 
Trunl Drill 
Trunk Hover 
Foliage Glean 
Foliage Probe 
Foliage Peck 
Foliage Hover 
Bark Glean 
Bark Probe 
Bark Peck 
Bark Drill 
Bark Hover 
Ground Glean 
Ground Probe 
Ground Peck 
Flower Glean 
Flower Probe 
Flower Peck 
Flower Nectar 
SALLY 
DART 
BRGL 
BRPR 
BRPEC 
BRDR 
BPBOV 
TRGL 
TRPR 
TRPEC 
TRDR 
TRHOV 
FOGL 
FOPR 
FOPEC 
FOHOV 
BARGL 
BAPR 
BAPBC 
BADR 
BAHOV 
GRGL 
GRPR 
GRPEC 
FLGL 
FLPR 
FLPEC 
FLNEC 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
Branch 
Branch 
Branch 
Branch 
Branch 
Branch 
Branch 
Trunk 
Trunk 
Trunk 
Trunk 
Trunk: 
Foliage 
Foliage 
Foliage 
Foliage 
Bark 
Bark 
Bark 
Bark 
Bark 
Ground 
Ground 
Ground 
Flower 
Flower 
Flower 
Flower 
Air 
Dart 
Glean 
Probe 
Peck 
Drill 
Hover 
Glean 
Probe 
Peck 
Drill 
Hover 
Glean 
Probe 
Peck 
Hover 
Glean 
Probe 
Peck 
Drill 
Hover 
Glean 
Probe 
Peck 
Glean 
Probe 
Peck 
Nectar 
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5.4 Analyses 
5.4.1 Multivariate Approach 
Multivariate ordination techniques have been extensively used to analyse the ecological 
data sets. The MVA techniques such as Principal Component Analysis (PCA), Detrended 
Correspondence Analysis (DCA) and Factor Analysis, weigh variables or factors by their 
relative contribution to the community and reduces the dimensionality by reducing the large 
number of factors/variables which are intercorrelated to new sets of few uncorrelated 
components. These sets of uncorrelated components are said to be orthogonal and represent 
the super-species/variables (Kent and Coker, 1992). To identify the foraging guild of the 52 
species of birds. I used multivariate technique such as the PCA, factor and cluster analyses 
in order to examine the similarities and differences in foraging by birds occurring in the area 
and to provide a near objective and realistic classification. The study was also addressed to 
answer the questions pertaining to factors determining the community structure of the area 
and to identify some of the important variables for similar studies in India and probably other 
tropical countries too. 
I used the data matrix of 52 bird species and 31 foraging related factors, of which first 
28 represent the utilisation frequencies of the different foraging variables and the last three 
represent foraging height, the standard deviation (SD) of foraging height and the body weight. 
The first 28 variables were logtransforrned to normalise and then all variables were 
standardised to bring the mean to zero and the unit variance to one. As a result of this, each 
variable is expressed as standard deviation unit of the column mean. This was done to give 
equal weightage to all the characters. Both R and Q mode analyses were done on the data 
S5 
matrix to perform the variable ordination and species ordination analyses. Principal 
Component Analyses and the factor analyses were obtained for eigen values >1 for all the 
variables. 
To classify the birds, a transposed species matrix (31x52) was used to calculate the 
Euclidean distances. Four different sets of species matrices 31x52; 31x37; 31x15; 31x5 were 
subjected to heirarchial agglomerative cluster analysis (nearest neighbour method) to produce 
the cluster diagram in the foraging character hyperspace. All the multivariate analyses were 
performed on SPSSPC+, SYSTAT and STATA software packages. 
5.5 Results and Discussion 
A total of 4319 observations were made on 52 bird species of the Dudwa forest. Table 
5.2 shows the list of all the 52 species with species code, their trophic level from the existing 
literature, sample size, body weight, foraging height and its standard deviation. These 
observations pertain to the 31 foraging variables as shown in Table 5.1. Based on the 
number of observations, I calculated the percentage of foraging for each species, referred to 
as utilisation frequencies (Table 5.3). This was used in interpreting results from cluster 
analysis and PCA plots. 
5.5.1 Cluster Analysis - All species 
The result of cluster analysis of 52 species of birds of Dudwa shows separation of 
guilds. Their groupings are based on similar strategies for the exploitation of food resources. 
Fig. 5.1 shows the single linkage cluster diagram (nearest neighbour) method based on the 
S6 
Table 5.2 List of Bird species, with saiple s ize , body weight and foraging heights used for iu l t ivar iate analyses 
SN. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
CODE 
RBP 
ANN 
RCB 
PFS 
YBB 
PLM 
CBN 
WBPP 
DGB 
pww 
GBE 
RBB 
GTT 
BDD 
BHO 
LGB1 
GPC 
MFC 
HPWP 
RST 
PBC 
DGLW 
CBP 
YEB 
SBGH 
GCPW 
LGB2 
SMV 
IOR 
SPW 
pww 
YBWW 
TBB 
LCLN 
HGR 
CBC 
TWP 
SND 
RGD 
SDE 
RMD 
JBQ 
BFL 
m 
m TPI 
RUB 
RVB 
RJP 
TPT 
SIL 
PSB 
COMMON NAME 
Redbreasted Flycatcher 
Ashy Wren Warbler 
Redcapped Babbler 
Pied Flycatecher shrike 
fellowbreasted Babbler 
Plain Leaf Warbler 
Chestnut Bellied Nuthatch 
Whitebrowed Fantail Flycatcher 
Dark Grey Bush Chat 
Plain Nren Warbler 
Green Bee-eater 
Roufousbellied Babbler 
Grey Tit 
Black Drongo 
Blackedheaded oriole 
Lesser Goldenbacked woodpecker 
Goldenfronted Chloropsis 
Blacknaped Flycatcher 
Nahratta woodpecker 
Red Start 
Pied Bush Chat 
Dull Green Leaf Warbler 
Brownleaf Warbler or Chiffchaff 
Yelloweyed Babbler 
Scalybellied Green woodpecker 
Greycrowned Pyg«y woodpecker 
Larger Goldenbacked woodpecker 
Stall Ninivet 
Couon Iora 
Streaked Fantail Warbler 
Franklin's Wren-Warbler 
Tellowbelied Wren-Warbler 
Tailor Bird 
Large Crown Leaf Warbler 
Magpie Robin 
Stonechat 
Tawny pipit 
Spotted Munia 
Indian Ring Dove 
Spotted Dove 
Red Munia 
Jungle Bush Quail 
Bengal Florican 
White Eye 
Couon peafowl 
Indian Tree Pie 
Redwhiskered Bulbul 
Redvented Bulbul 
Red jungle Fowl 
Indian Tree pipit 
Eastern Skylark 
Purple sonbird 
SCIENTIFIC NAME 
Hasciicapa parva 
Prima sociaJis 
Tiiaiioa pi Jeata 
fleiipus picatus 
Kacronous guJaris 
PhylJoscopus inornatus 
Sitta Castaaea 
Rhipiiara albicollis 
Saiicola ferrea 
Prinia sub/Java 
tterops orientals 
Duietia nyperythra 
Parus aajor 
Dicrurus adsiiiJis 
OrioJous xanthonus 
Dinopiui benghalense 
Chloropsis aurifrons 
ffypotliyiis azurea 
Picoides iaJirattensis 
Plioenicurus ocliruros 
Saiicola caprata 
Phjlloscopus trochiloiies 
Phjlloscopus collfbita 
CJirysona si sense 
Picas lyriecophoneous 
Picoides canicapiJlis 
Chrjsocolaptes Jucidus 
Pericrocotus cinnaioieus 
Aegithina tiphia 
CisticoJa juncidis 
Prinia hodgsonii 
Prinia fJaviventris 
Orttatoius sutoruis 
PhyJloscopus occipitalis 
Copsychus sauiaris 
Saiicola torquata 
hnthus Caupestris 
Loocliura puoctuJata 
StreptopeJia decaocto 
Streptopelia chinensis 
M r i l d a aiandava 
Perdicuia asiatica 
Eupodotis bengalensis 
Josterops palpebrosa 
Pavo cristatus 
Dendrocitta vagabunda 
Pycnotus jocosus 
Pyconotus cafer 
Callus gaJJus 
Mhus hodgsoni 
AJauda guJgula 
Hectarina asiatica 
GUILD 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
OV 
GV 
GV 
GV 
GV 
GV 
OV 
OV 
OV 
OV 
FV 
FV 
GV 
OV 
GV 
RV 
SAMPLE BWT 
27 
29 
46 
103 
129 
84 
213 
85 
54 
123 
189 
24 
443 
39 
60 
121 
28 
23 
51 
61 
198 
30 
90 
39 
20 
256 
32 
150 
101 
26 
239 
21 
102 
35 
22 
62 
45 
33 
20 
38 
124 
80 
83 
190 
107 
33 
31 
42 
27 
59 
37 
44 
11.5 
8.0 
16.0 
9.0 
12.0 
6.0 
12.0 
11.0 
14.5 
7.0 
16.5 
11.5 
11.9 
45.7 
79.0 
100.O 
7.3 
12.0 
34.6 
17.5 
15.0 
7.3 
7.0 
18.3 
111.0 
23.5 
163.5 
12.0 
13.5 
8.0 
6.4 
7.0 
7.5 
8.5 
35.5 
15.4 
21.2 
13.9 
138.0 
125.5 
13.0 
69.5 
2000.0 
8.7 
5000.0 
-
36.0 
43.0 
1135.0 
21.0 
30.0 
8.1 
FHT. 
6.54 
1.86' 
1.20" 
11.50 " 
4.18' 
8.14' 
9.42' 
5.02" 
0.54" 
1.50" 
4.20' 
1.46' 
9.56' 
9.821 
12.24" 
9.80' 
11.11" 
5.17" 
9.40' 
0.00" 
0.86' 
3.67" 
8.29' 
1.28" 
7.30" 
12.21 " 
13.69 " 
11.20 " 
9.55" 
1.27" 
3.13' 
1.24" 
3.84 1 
10.03 1 
2.381 
0.67 1 
0.001 
2.461 
1.00" 
1.10' 
1.56" 
0.03' 
2.20" 
10.04 ' 
0.20' 
9.91' 
8.52' 
8.981 
0.00' 
0.271 
0.501 
8.021 
• SD 
• 3.4 
f 2.7 
• 0.4 
• 4.0 
f 2.5 
f 3.5 
f 3.3 
J 4.3 
i 0.8 
J 2.2 
f 4.0 
• 1.6 
f 4.1 
• 3.3 
f 5.0 
f 4.0 
f 4.8 
f 4.6 
r 6.0 
f 0.0 
f 0.9 
y 3.6 
• 3.9 
• 0.5 
• 5.0 
f 3.9 
? 1.9 
J 4.5 
• 4.0 
• 1.6 
J 3.4 
^ 0.4 
• 3.4 
f 2.7 
? 3.8 
• 0.7 
• 0.0 
• 1.0 
• 2.0 
• 3.4 
• 1.4 
f 0.1 
f 5.0 
• 4.6 
f 1.6 
• 5.2 
• 4.6 
f 5.4 
• 0.0 
• 1.2 
• 0.5 
'4.4 
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Fig. 5.1 Tree diagrai (single linkage-nearest neighbour) Mthod 
of birds based on foraging strategies 
(,(00 Distances 
Chestnut Belly Nuthatch 
for classification 
0.500 
Grey Crowned Pygiy Woodpecker 
Franklin'8 Nren Warbler 
Iora 
Treepie 
Whitebrowed Fantail Flycatcher 
Monarch Flycatcher 
Dull Green Leaf Narbler 
Tailor Bird 
Red Breasted Flycatcher 
Grey Tit 
Urge Crown Leaf Warbler 
Siall Ninivet 
Purple Sunbird 
Plain Leaf Narbler 
Chiffchaff 
White-eye 
Little Pied Flycacher Shrike 
Golden Fronted Chloropsis 
Plain Nren Warbler 
Green Bee-eater 
Bed Munia 
Ashy Wren Warbler 
Tellowbellied Wren Warbler 
Collared Bushchat 
Spotted Munia 
Red Start 
Redvented Bulbul 
Redwhiskered Bulbul 
Black Drongo 
Large Goldenbacked Woodpecker 
Lesser Goldenbacked Woodpecker 
Little Scalybellied Green Woodpecker 
Skylark 
Jungle Bushquail 
Peafowl 
Red Junglefowl 
Bengal Florican 
Spotted Dove 
Ring Dove 
Tree Pipit 
Blackheaded Oriole 
Tawny Pipit 
Magpie Robin 
Hahratta Pied Woodpecker 
Red Capped Babbler 
Telloweyed Babbler 
Roufousbellied Babbler 
Streaked Fantail Warbler 
Pied Bushchat 
Tellow Breasted Babbler 
Dark Grey Bushchat 
]-
Eu 
^1 
:H 
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Euclidean distances. Large number of species were separated into distinct groups. As no 
objective criteria exists to use the value of Euclidean distances for separating groupings, I 
considered midpoint of the Euclidean distance as the separating point and groups were 
separated by Euclidean distance greater than 0.25 or midpoint value for cluster interpretation. 
The two main divisions were A and B. Division A, contains all the species which forage 
in the higher canopy and group B contains largely those species which are ground foragers or 
those which forage in the tower strata of vegetation. These two divisions of guild contain a 
large number of species which show distinct association and form clear clusters. On the 
basis of this, I identified seven different guilds comprising 30 species out of a total of 52. The 
remaining 22 species do not show a very clear cut demarcation as far as cluster diagram is 
concerned. This is because of some common variables which are not often very distinct and 
interpretable and do not give the desired effect in detecting the relationship. 
Guild 1 contains seven species of birds which forage in the top canopy and are in the 
guild of gleaners and hawkers. The presence of lora and Treepie and the remaining five 
species, of which four are flycatcher clearly support this interpretation. 
Guild 2 contains eight different species which again are present in the top canopy 
and primarily use foliage as the substrate. Members of this guild thus differ from birds of guild 
1 in adopting a different set of strategies to capture presumably different prey. Most of the 
species of this guild forage by glean and hover methods. There is one species, the Pied 
Flycatcher shrike, which mainly hawks the prey from a perch and resorts to sally mode. 
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Guild 3 contains two species of bulbuls, the Redvented bulbul Pycnonotus cater and 
the Redwhiskered bulbul Pycnonotus jocosus, which are frugivore. These two species exploit 
resources in the form of ripened fruits. 
Guild 4 mainly consists of three species of large bodied woodpeckers, the Large 
goldenbacked Chyrysocolaptes lucidus, and Lesser goldenbacked Dinopium bengalensis and 
the Little scalybellied green woodpecker Picus myrmecophoneus. All these species mainly 
use branch-trunk as substrate and adopt and exploit food resources by probing and drilling 
the bark of branches and trunks. 
Guild 5 consists of seven species of birds. All these birds with the exception of Red 
Junglefowl Gallus gallus are grassland species. This guild contains species which mostly 
forage on ground and form ground gleaners and peckers guild. Within this group the three 
species, Peafowl Pavo cristatus, Red Junglefowl and Bengal Florican Eupodotis bengalensis 
are heaviest and largest (>1000gm-5000gm) of all the 52 species and form a distinct 
sub-grouping. Most of the birds of this guild are granivore except for Peafowl and Junglefowl 
which are omnivore. 
Guild 6 contains two species of Babblers, the Redcapped and the Yelloweyed. Both 
these species are foliage gleaners and probers, and pick their food while moving through the 
dense entangle of tall grasses. Both these species are confined to tall grasslands. 
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Guild 7 is again a distinct group comprising of just two species, the Roufousbellied 
babbler and Streaked fantail warbler. Both these species of the guild are confined to the 
grasslands or grassy patches within the forested habitats. Both the members of this guild are 
foliage gleaners and probers but forage from very close to the ground (0-0.5m), especially 
when compared to the two species of babblers of guild 6. 
5.5.2 Principal Component Analysis 
The Principal Components Analysis (PCA) of all the 52 bird species yielded two 
components; PC1 and PC2 for eigen values greater than one. Variance explained by the first 
two components, was 45.80 and 5.16 respectively. The first PC-axte explained 88% of total 
variance in the data set, whereas the second PC-axis explained about 9.8% of the total 
variance. The two PC axes together accounted for 97.9% of the total variation in the data set. 
The PCA-1 segregated, species of lower strata which forage by hawking and gleaning, 
showing positive values from those which forage largely by gleaning and probing. Most of 
these species are large bodied i.e. species like Bengal Florican, Peafowl and Red 
Junglefowl. 
Differential use of different substrata of the area along with the body size have been 
the two factors for separating the species on Principal Component axrs-1 (Fig 5.2) The 
PCA-2 explained, a small amount of total variance though has much significance as far as 
interpretation of data is concerned. Species along the axis-2 were segregated according to 
the foraging mode and use of different strata. Species were segregated by two factors 
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Fig. 5.2 Ordination of bird species in foraging variable 
hyperspace on PC axes 1 and 2 
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along this axis, the body size and foraging method. All species which either forage on 
ground or lower layer of vegetation show positive value and all those species which use 
higher canopy, are of small body size and mostly forage by foliage gleaning, probing and 
sallying show negative loading on the PCA-2. On axis-2, all species with positive values 
show two distinct groupings, one group on top of axis-2 which are all ground-gleaners and 
peckers and the other group of species (probers and darters) was loaded lower than first 
group. As the third axis accounted for very little variance (eigen value < 1) it has not been 
considered and it did not provide any interpretable results. 
5.5.3 Foraging and Habitat Structure 
Bird species in Dudwa forage using eight different modes, of which gleaning is the 
most common and accounted for more than 59% of the total observations, followed by 
pecking and sallying (Fig. 5.3). These differences are statistically significant at P<0.001. 
Foliage gleaning was the most common foraging strategy adopted by birds (Fig 5.4) 
To see the degree of relationship between 28 foraging variables with plant height, 
foraging height, standard deviation of the foraging height and the body size the Pearson's 
Product Moment correlation coefficients have been presented in Table 5.4. Plant height is 
significantly correlated with branch glean, branch probe, branch peck, trunk glean and trunk 
probe. Plant height was again significantly correlated with hovering on foliage and bark glean 
(rs=0.4388 and 0.4766, p<001) and It shows that greater the height of the trees in the forest 
more frequent are the foraging maneuvers involving hovering and bark gleaning. 
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Fig. 6.3 Percent use of different 
foraging mode by Birds in Dudwa 
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Table 5.4 Pearson's product moment correlation 
coefficients between different foraging variables 
SN. Variables PHT FHT BWT 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
SALLY 
DART 
BRGL 
BRPR 
BRPEC 
BRDR 
BRHOV 
TRGL 
TRPR 
TRPEC 
TRDR 
TRHOV 
FOGL 
FOPR 
FOPEC 
FOHOV 
BAGL 
BAPR 
BAPEC 
BADR 
BAHOV 
GRGL 
GRPR 
GRPEC 
FLGL 
FLPR 
FLPEC 
FLNEC 
PHT 
FHT 
BWT 
.1741 
-.1879 
.3832* 
.3501* 
.3335* 
.2517 
.0500 
.3600* 
.3438* 
.2900 
.2751 
.0439 
.1811 
.2723 
-.0455 
.4388** 
.4762** 
.3482* 
.3397* 
.1411 
.0537 
-.6161** 
-.1625 
-.4367** 
-.0778 
-.0826 
.0307 
.0855 
1.0000** 
.1718 
-.2024 
.3743* 
.3504* 
.3203* 
.2554 
.0623 
.3324* 
.3234* 
.2759 
.2701 
.0157 
.1762 
.2836 
-.0241 
.4430** 
.4752** 
.3338* 
.3356* 
.1343 
.0557 
-.5867** 
-.1819 
-.4115** 
-.0627 
-.0561 
.0390 
.0858 
.9913** 
1.0000** 
-.1201 
-.0855 
-.2481 
-.0709 
-.0576 
-.0510 
-.0743 
-.0884 
-.0570 
-.0453 
-.0281 
-.0685 
-.2571 
-.0913 
.2124 
-.1269 
.0113 
-.0586 
.2460 
-.0311 
-.0532 
.3418* 
.0330 
.2896 
-.0558 
-.0687 
-.0472 
-.0319 
-.2436 
-.2353 
1.0000** 
N=54; Significance level: * - .01 ** - .001 
Note: Refer to table 5.1 for foraging variable codes 
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As some foraging activities i.e ground glean, ground probe and ground peck were 
confined to the ground, they showed a strong negative relationship with plant height. Ground 
gleaning and ground pecking was negatively correlated with PHT (r,= -0.6161 and -0.4367 at 
PO.001) (Table 5.4). 
Most of these variables show similar relationship with foraging height and as expected 
foraging by hovering in the foliage and bark gleaning are manifestations of the height and show 
a positive correlation with foraging height. As with plant height and body weight most of the 
variables again show interpretable relationship with body weight. As evident from the values 
given in Table 5.4, most of the height related foraging characters show a negative relationship 
with the body weight though it is not significant. Body weight shows positive relationship only 
with ground foraging variables. The positive correlation of pecking on the foliage was due to 
frequent use of this mode by species like Bengal florican and Peafowl. They frequently 
pecked at the short grasses and herbs. 
5.5.3.1 Guild Structure Determinants 
Another analysis to determine the important variables responsible for the guild 
separation in Dudwa birds was done using the Varimax factor rotation for all the variables 
used in cluster and PCA analyses. Factors, only with eigen values greater than 1 were used 
for extracting the factors. A total of seven factors were extracted in this manner which were 
later rotated using the varimax method. The result of this rotation is that eigen vectors are 
now represented as the factors, which are a set of similar foraging characters. The seven 
rotated factors accounted for 83% of the total community variance. The first factor explained 
9S 
the maximum variance of 8.3 followed by second factor which explained 7.25 and in the same 
decreasing order by the subsequent factors. Percent variance explained by the first rotated 
component was 26.9%, 23.3% by the second and 7.46% by the third. Table 5.5 shows the 
eigen root, percent variance by each factor and the cumulative percentage explained. The 
first two factors together accounted for more than fifty percent of the total community variance 
and is significant. 
The loadings for each foraging variable on the seven factors are better descriptors of 
the importance of the variables and the interpretation of those factors. The high values, 
whether positive or negative, signify that there are few important variables which explain and 
determine the guild structure (Table 5.5) 
Factor-I has high positive values for foraging maneuvers associated with bark, trunk 
and branch substrates. These substrates are used by the five species of woodpeckers and the 
Chestnutbellied nuthatch. So the first factor is interpreted as the bark foraging and it signifies 
the importance of this factor in the guild determination. The positive loadings for weight on 
this factor is the consequence of the presence of the three large bodied woodpeckers, the 
Lesser and Large goldenbacked and the Scalybellied green woodpeckers which utilise these 
substrates. There is high negative loading for foliage gleaning and standard deviation (SD) of 
foraging height, which suggests that there is almost no foliage gleaning when these bark 
utilising species forage on branch, trunk and the bark. The factor-ll is easily interpretable as 
height related factor, as shown by the high positive loading for foraging activities confined to 
the ground; ground gleaning, ground pecking and foraging on the flower; flower probe and 
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Table 5.5 Varimax Factor Rotation for all the foraging variables 
Factors 
Eigen values 8.35 7.25 2.31 2.31 2.17 1.80 1.62 
Conmunity variance 
Percent Contribution 26.93 23.39 7.47 7.46 7.03 5.81 5.23 
Cumulative Percentage 26.93 50.32 57.79 65.25 72.28 78.09 83.32 
Rotated Factor Loadings 
0. 
-0. 
0. 
0. 
0.007 -0.828 -0.031 
0.658 -0.550 -0.021 
0.120 0.085 -0.570 
-0.069 0.076 -0.113 
0.184 -0.182 -0.115 
0.330 -0.253 0.139 
0.383 -0.420 0.458 
-0.135 0.114 -0.004 
0.037 0.044 0.018 
0.107 0.033 -0.004 
0.225 -0.040 0.211 
0.170 -0.618 0.132 
-0.064 0.481 -0.099 
0.040 -0.321 0.215 
0.240 0.126 0.216 
-0.160 -0.001 0.741 
-0.026 0.391 -0.136 
0.060 0.033 0.115 
0.080 0.046 0.036 
0.259 -0.083 0.377 
0.233 -0.098 0.414 
0.288 0.053 -0.471 
0.833 0.002 -0.064 
-0.033 -0.161 0.028 
0.060 0.045 -0.020 
-0.008 0.075 -0.144 
0.072 -0.016 0.055 
0.293 0.019 0.522 
-0.417 0.165 0.032 
-0.306 0.134 -0.092 
0.323 -0.184 -0.063 
SALLY 
DART 
BRGL 
BRPR 
BRPEC 
BRDR 
BRHOV 
TRGL 
TRPR 
TRPEC 
TRDR 
TRBOV 
FOGL 
FOPR 
FOPEC 
FOBOV 
BAGL 
BAPR 
BAPEC 
BADR 
BAHOV 
GRGL 
GRPR 
GRPEC 
FLGL 
FLPR 
FLPEC 
FLNEC 
FHT 
SDFHT 
BWT 
.253 
.151 
.115 
.872 
.849 
0.540 
0.168 
0.407 
0.946 
0.933 
0.724 
.420 
.668 
.078 
.166 
.303 
0.495 
0.909 
.906 
.444 
.410 
.083 
.087 
.191 
.233 
0.107 
0.279 
0.270 
-0.378 
-0.604 
0.464 
0  
-0  
0  
0  
-0  
0  
0  
0  
-0  
0  
0  
0  
0.165 
0.166 
0.126 
0.246 
0.200 
0.551 
0.394 
0.103 
0.163 
0.238 
0.518 
0.350 
108 
296 
473 
241 
0.134 
0.210 
0,213 
651 
639 
590 
117 
0.773 
0.859 
0.928 
0.866 
0.468 
0.713 
0.589 
0.659 
0. 
0. 
0. 
0. 
0.073 
0.014 
0.638 
0.001 
075 
127 
174 
788 
0.155 
0.005 
0.008 
060 
329 
048 
368 
0.003 
0.147 
176 
079 
083 
064 
0.278 
0.048 
062 
220 
0.088 
0.149 
0.168 
0.299 
0.105 
0.287 
0. 
0. 
-0. 
-0. 
0. 
0. 
0. 
0. 
-0. 
-0. 
0.051 
0.001 
0.151 
0.032 
0.042 
0.159 
0.019 
0.069 
0.050 
0.039 
0.056 
0.028 
0.142 
0.720 
0.498 
147 
603 
0.132 
0.153 
0.263 
0.292 
184 
0.064 
0.157 
0.145 
0.025 
0.011 
0.200 
0.040 
0.252 
0.010 
0, 
0, 
-0 
Note: Refer to table 5.1 for detai ls on foraging variables 
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nectar feeding. The variables FLPR and FLPEC were recorded for species like munias which 
feed on the ripened seeds extracted from the inflorescence of the tall grasses like Namnga 
porphyrocoma and Saccharum munja. The high value for variables BRDR, TRDR, BDR and 
BWT also suggest that it is to a greater extent, weight dependent. The first three foraging 
modes are used by Lesser and Larger golden backed woodpeckers along with little 
Scalybellied green, Mahratta, the Greycrowned pygmy woodpeckers and the Chestnutbellied 
nuthatch. The first two species apart from the peafowl and the jungle fowl are some of the 
largest species in terms of body size. The factor-4 is clearly interpretable on the basis of 
foraging mode. The high positive loadings for the foliage gleaning and high negative loading 
for sally, dart and hovering over trunk suggest that foliage gleaning is an important variable in 
determining the guild structure. It can be assumed that foliage gleaning is mutually exclusive 
to dart and sally foraging modes. 
Factor-5 shows a very high positive value for all the variables involving hovering over 
substrates. The high values of branch hovering and nectar feeding shown in guild 3 of fig 5.2, 
where three species of warblers, minivet and white-eye are grouped with sunbird supports 
this. All these species feed by gleaning and frequently hovering over substrates to pick the 
stationary food items. The nectar feeding sunbird's place in this group may appear misleading 
but while feeding on the nectar of flowers they hover and that is the reason for this species 
being clubbed together with other species that hover. 
The fifth factor explained about 7.5% of the total community variance and shows high 
positive values only for two foraging variables, dart and ground gleaning. This is explained by 
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the utilisation frequencies of these variables by three species of Bushchats and Redstart. 
These four species used small bushes or burnt clumps of grasses to perch while waiting for 
the moving insects on the ground. The moment they sight moving insects, mostly ants, they 
pounce (dart) on the ground and catch them. High positive values for ground probing is the 
result of utilisation of this mode by Dark Grey Bushchats in cases when they are not 
successful in catching the prey either because the prey goes out of the sight or moves 
underneath the debris. 
Factor 6 accounts for only 5.8% of the total community variance and is not very clearly 
interpretable. High loading for trunk gleaning and branch gleaning is a result of the use of 
these foraging strategies by most of the bark foragers already explained in Factor 1. 
Factor 7, as in case of Factor 6, also accounts for a very small amount of the total 
community variance and hence is not considered to be very important in explaining the guild 
structure of the Dudwa birds, though it shows three positive values for foliage probing, foliage 
pecking and bark gleaning activities. This factor re-emphasises the importance of the body 
size on foraging behaviour. The first two values of foraging variables FOLPR and FOLPEC is 
again due to the use of these by the larger body sized birds. 
Since the publication of MacArthur's paper in 1961 on 'Bird Species Diversity", a large 
number of researchers have looked into the problem of bird-habitat relationship. Vegetation 
structure is the key in determining where and how birds use the resources (Block et al. 1991). 
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The BSD-FHD relationship (MacArthur and MacArthur 1961) has been found in some areas 
(Recher 1969 and Wilson 1974), whereas several other studies have not revealed the classic 
BSD vs. FHD relationship. 
Relationship of avian diversity has been found to be influenced not only by the vertical 
foliage layers but also by the plant species composition, patchiness, fragment size and 
floristics (Willson 1974, Rotenberry 1985, MacNally 1994). Recent studies on avian guild 
have been attempts to explore the relationship of birds with habitat, with a deeper insight into 
the question of factor(s) affecting such relationships. 
The results of guild studies in Dudwa forest describes the importance of the vegetation 
characteristics in determining the guild. The results from Cluster analysis, Principal 
Component Analysis and Varimax Factor Rotation highlight the importance of the vegetation 
structure in determining the guild structure and the community structure of the area. Features 
of vegetation such as height, number and type of strata along with the foraging behaviour and 
body size are some of the key factors in explaining the community pattern and guild structure. 
These variables provide different feeding opportunities to different species of birds in the 
community. 
Cluster diagram, PCA plots show that the first separation of birds of Dudwa is based 
on the height, which to a certain extent is dependent on the body size of the birds. Holmes ef 
a/. (1979) also found similar pattern in the birds of the Hubbard Brook. The second important 
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factor in guild explanation is the use of different substrates as food site and the method of its 
exploitation 
Among the substrates, foliage, trunk and branch are the important identifiers. There 
are large number of birds in Dudwa which forage in the foliage. Species within this foliage 
foraging guild are separated by the layer of the canopy (height) at which they forage and the 
modes they employ. 
In Fig 5.1, taking the midpoint of the Euclidean distance, two groupings are easily 
discernible, A and B. These two primary clusters are a result of separation of birds on the 
height gradient. Within the guild of foliage gleaners, birds were separated by the different 
foraging modes they use. The birds in the first cluster (group A) feed on the top canopy by 
foliage gleaning (Guild-1) and by hovering over the foliage (Guild-2). The B level is 
taxonomically much more diverse and contains large body size birds which more or less are 
confined to the ground for foraging, as compared to those spectes which forage in the lower 
layer or very close to the ground. These species, though diverse in their diet are clustered 
together because of the region of the foraging and to some degree the similarity in either the 
type of substrate used and food consumed or possibly both (Guild-5). Closeness of birds of 
guild-5 with members of guild-4 is as a result of overall larger body size of the woodpeckers, 
which are second after the three biggest birds of the area, along with the height at which they 
forage. It is clear that height (Holmes et al. 1979, Peck 1989) and body size are important 
determinants of the guild of Dudwa birds. 
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Second important determinant of the guild of the study area is combinations of 
substrates and foraging modes. Foraging activities confined to trunk and bark substrate are 
key foraging characteristics in explaining the guild structure. Foliage is another important 
contributor to the understanding of the guild structure from multivariate analyses. The use of 
foliage as a substrate Is large-scale as more than 60% of the birds used this substrate. 
The utilisation by birds of different strata of the vegetation such as trunk, foliage are a 
result of various morphological and behavioural features. Robinson and Holmes (1982) have 
described it as morphological and perceptual traits of each species. Congeners have similar 
strategies to forage as members of genera Dinopium do not show much variation from place 
to place, contrary to Robinson and Holmes (1982). Even members of the same group 
belonging to different species, but more or less of the same body size class show a 
considerable similarity in foraging. This is due to more or less similar morphological features 
and some evolutionary traits. 
Studies carried out in different regions and continents also found similar trends, where 
congeners or closely related species show similar foraging strategies (Root 1967; Fitzpatrick 
1980), and varies to a limited extent depending upon the opportunities provided by the 
vegetation characteristics or structure (Landres and MacMahon 1980 and Holmes and Recher 
1986). In some other studies, it has been found that bird species show preferences for 
certain tree species and avoid others (Holmes and Robinson 1981; Peck 1989) as the 
availability of prey varies from one tree species to another (Robinson and Holmes 1984). 
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The availability and abundance of prey is a function of foliage structure, profile, the 
type of stem and this varies from species to species. The data on tree species and their 
association with bird species is not presented here but it is evident that some insectivore bird 
species have definite preferences for some tree species. Telleria and Santos (1995) have 
found that certain pariforms in Mediterranean region show this kind of trend. Specialist 
species like trunk and bark foragers are often more discrete in regard to their preference for 
tree species. 
Thus the availability of the right kind of resource rich species, their abundance along 
with the fragment size (MacNally 1994) play an important role in guild structure of avian 
community. These birds are sensitive to the structure and floristic aspects of the habitat, which 
determine the resource availability. The fragmentation of forest adversely affects some of the 
specialist bird species as a consequence of decreased availability of the resources on a spatial 
scale. 
Hence, the characterisation of guild is the result of vegetation characteristics, the 
behavioural strategies on the part of the individuals, foraging height and body size of the 
species. These habitat features are not only important in determining the guild but also 
influence the abundance and diversity (Peck 1989) of the avifauna of an area. 
Change in food resources on a temporal scale leads to changes in the foraging guild 
from winter to summer as a consequence of altered foraging opportunities i.e. increase in 
arthropod abundance (Cale 1994). It is therefore imperative for any such study in future to 
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lay greater emphasis on the assessment of resource availability and their variations for a more 
complete picture of guild structure 
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CHAPTER-6 
BIRD-HABITAT RELATIONSHIPS 
6.1 Introduction 
The abundance and distribution of species in an area or a habitat is influenced by one 
or more factors, temporal, spatial, evolutionary and ecological. Several studies during the last 
four decades have led to the formulation of theories that explain as to why some areas or 
regions (e.g. mixed forest or the tropics) have greater diversity of species and abundance than 
other areas or regions (e.g. agricultural crop fields or the temperate). Fisher (1960) and 
Simpson (1964) have argued that communities continue to evolve with the passage of time 
and older communities tend to have greater diversity. This hypothesis is based on the fact 
that the species require sufficient time to disperse and move to suitable habitat accessible to 
them. Simpson (1964) has further argued that the complexity and diversity of flora and fauna 
is directly proportional to the complexity and heterogeneity of the physical environment 
Stable environment and degree of constancy of ecological factors are conducive to 
increase in diversity. The extent of diversity of a community depends on the rate of energy flow 
through the food web which in turn is influenced by the stability of the environment because 
less energy will be consumed for regulation of the environment (Cornell and Orias 1964). On 
the other hand, there are evidences that, loss of species diversity alters the biogeochemical 
processes of ecosystem (Naeem of a/. 1995). 
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As habitat is considered as a template of ecological and evolutionary processes 
(Southwood 1977) It Is imperative that community study should not be restricted to estimating 
abundance and diversity of birds but also on the multitude of information on habitat utilised by 
birds. A better understanding of community patterns and processes may be possible through 
carefully planned vegetation measurements. Bird-habitat relationship is better and easily 
explained with large number of habitat variables rather than a few selected variables (Wiens 
and Rotenberry 1981). 
Selection of a habitat (^-diversity) by birds is based on some broad habitat features 
such as forest and grassland. Occupancy of a habitat by different bird species (alpha diversity) 
is more complex and is based on intrinsic factors which help birds to partition their resources 
to minimise the inter-specific competition. Hence a careful recording of finer details of habitat 
becomes crucial in explaining and understanding the dynamics of community patterns. 
It is evident from the studies undertaken during the last few decades that there has 
been greater emphasis on the quantification of habitat parameters for a better understanding 
of bird-habitat relationships. Pioneering studies by MacArthur and MacArthur (1961) have 
revolutionised this thinking and greater number of studies focussed on testing such 
relationship, particularly bird species diversity and foliage height diversity (MacArthur and 
Preer1962, MacArthur and MacArthur 1964, Recher 1969 Karr 1971, Karrand Roth 1971). 
Bird species diversity shows seasonal variations to some extent and is governed by factors 
responsible for availability of food resources. 
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This chapter is aimed at exploring the pattern of bird species diversity In Dudwa 
National Park and to assess the affect of structural diversity on the bird species diversity, in 
particular, the foliage height diversity (FHD). 
6.2 Methods 
The data for bird species diversity were collected white monitoring transects for 
studying community structure in Dudwa National Park as discussed in Chapter 3. Eight 
permanent line transects were laid in different habitats, six of which were monitored on a 
regular basis. Monitoring on the other two transects could not be continued because of the 
logistic problems. Each transect was 1250 meters long and was monitored on a fortnightly 
basis. 
All transects were monitored from 1991 winter to June 1992, November 1992 to June 
1993 and December 1993 to June 1993. All transects were again monitored in the winter of 
1994. The data collected from these transects pertains to two seasons, the winter and 
summer. No data could be collected during monsoon from June to November because of the 
inaccessibility to most of the areas during the rainy season. All these transects were further 
subdivided into 50 meter segments, each for intensive vegetation studies, to predict 
relationship between species diversity, abundance and vegetation structure. 
Of the six transects, two were In woodland, one each in riparian and Sal forest while 
the remaining four were in grasslands (from open to wooded grasslands). Chapter 4 (Table 
4.1a and 4.1b) gives a breakup of the type of habitat for each of the six transects and the 
no 
number of monitoring for each transect from 1991 December to 1994 February. At each 
monitoring of transect, species and their number were used for analyses of bird species 
diversity and richness. 
6.3 Analyses 
Bird species diversity, richness and equitability indices were calculated using module 
SPECDIVERS; a modified version of computer software STATISTICAL ECOLOGY. All other 
analyses were performed on SYSTAT 4.0, SPSS 6.1, STATA 4.0. Species diversity was 
calculated for each transect and divided into winter and summer season for comparison 
across different habitats. Shannon-Weaver's diversity index (HP), Margalefs richness index 
(R1), Pielou's equitability index (E1) and Hill's diversity index (N1) (Ludwig and Reynolds 
1988) were calculated. To test relationship between bird and habitat structure 
Shannon-Weaver's diversity and Margalefs richness indices were used. 
6.4 Results and Discussion 
The idea of selecting diverse habitats; Sal forests, riparian forest, wooded grassland, 
short and tall grasslands was to compare the sites in terms of bird species richness and 
diversity across a successional gradient. Grasslands of Dudwa, a component of the typical 
terai habitat are in mid-successional stage and are maintained by fire. Most of these 
grasslands represent successional stages i.e. wooded grassland, tall grassland and short 
grassland and have varying abundance of tree and shrub species. This was considered to 
compare the bird species richness from dense Sal forest to riparian forest, and from wooded 
grassland to open short grassland. 
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6.4.1 Bird Species Diversity and Richness 
6.4.1.1 Patterns of diversity and richness within habitat 
6 4 1 1 1 Wooded Grassland (GJWG) 
Fig 6.1 shows the summary of diversity values tor different habitats. Bird species 
diversity (BSD) was maximum tor the wooded grassland. As is dear from the graph, maximum 
diversity values were obtained for the wooded grassland, an area which was considered to be 
slightly disturbed as compared to other areas. Disturbance in the area was due to grazing by 
cattle and some amount of grass cutting. But that seemed to benefit the birds as it created 
patches of tall and short grasses. This coupled with good number of trees provided a more 
diverse habitat. As a result, this area provided more feeding and foraging opportunities to 
birds resulting into more diverse assemblage, more often a mixture of grassland and forest 
birds. The diversity richness, and evenness indices at this transect are given in Table 6.1. 
There was no significant difference between BSD values in summer and winter at this 
site (t=0.43, P>0.67) (Table 6.7). Mean bird species richness (BSR) also showed no 
significant difference between summer and winter (t=-0.01, P>0.98) (Table 6.8). 
6.4.1.1.2 Short Grassland NGSG 
The two other grassland sites, with short grasses showed lower values of species 
diversity and richness when compared to GJWG, where greater amount of trees and 
patchiness of tall and short grasses accounted for higher values of species diversity. Bird 
species diversity at this transect, was maximum in 1992 summer, which was more than the 
BSD in winter but lower in winter for all the three years (Fig. 6.1). Though these values did 
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Fig. 6.1 Bird species diversity (BSD) In 
different years for all the transects 
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Table 6.1 Bird species diversity, richness and evenness indices 
for Gajrola Transect (GJWG) 
Seasons Rl H' Nl El 
Winter 91-92 
Summer 92 
Winter 92-93 
Summer 93 
Winter 93-94 
5.851 
5.647 
5.317 
5.440 
5.512 
2.958 
2.988 
2.817 
2.837 
2.826 
19.43 
20.27 
17.12 
17.60 
16.94 
0.908 
0.943 
0.877 
0.895 
0.873 
Table 6.2 Bird species diversity, richness and evenness indices 
at Navalkhar Transect (NKSG) 
Season Rl H' Nl El 
Winter 91-92 
Summer 92 
Winter 92-93 
Summer 93 
Winter 93-94 
4.045 
4.240 
4.217 
4.552 
3.127 
2.327 
2.566 
2.559 
2.674 
2.142 
10.37 
13.15 
13.14 
14.65 
8.844 
0.819 
0.895 
0.898 
0.923 
0.854 
Hi 
not differ significantly. Values of BSR, evenness and Hill's diversity indices also showed 
similar trends (Table 6.2). Mean BSD in summer and winter was different. Summer showed 
higher BSD as in the previous transect (see discussion) and was statistically significant 
(t=3.40, P<0.005) Table 6.10. Mean BSR also showed similar trend (Table 6.8). 
6.4.1.1.3 Short Grassland PCSG 
Looking at the Fig. 6.1 it is evident that this transect also showed similar trend of BSD 
values as depicted by the transects GJWG and NKSG. The BSD was highest in summer 
1992 and slightly lower in the winters from 1992-1994 (Table 6.3). The higher values of 
diversity in summer could be attributed to two factors, i) in winter, often upto February the 
grasses are not burned and because of very tall grasses those species which are not very 
close to the transect are missed. Skulker species like Yellow-eyed and Red-eyed babblers, 
quails are some of the species which though present in these patches are not seen easily. By 
February, species like Narenga porphyrocoma have ripened seeds and attract large number 
of granivores like Spotted Munia Lonchura punctulata and often Grey tit Parus major, which is 
a more of a forest bird, ii) burning creates opening in the habitat, and once the burning is over 
the grasslands become more open and the fully ripened fallen seeds of these grasses provide 
more opportunity to large number of granivores including the two species of Munia, Weaver 
birds, Larks, Pipits and Quails. 
Once the burning is complete, the new flush of green grasses also attracts insects and 
the area becomes an ideal feeding ground for insectivores like Pied Saxicofa caprata and 
Collared Saxbola torquata bushchats, Shrikes and Drongos. The dear visibility and 
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Table 6.3 Bird species diversity, richness and evenness indices 
for Partridge Cottage Transect (PCSG) 
Seasons Rl H' Nl El 
Winter 91-92 
Summer 92 
Winter 92-93 
Summer 93 
Winter 93-94 
3 .673 
4 .058 
4 .565 
4 .582 
2 .146 
2 .218 
2 .440 
2 .541 
2 .613 
1.828 
9 .713 
1 1 . 5 6 
1 3 . 2 7 
1 3 . 8 2 
6 .307 
0 .795 
0 .854 
0 .875 
0 .887 
0 .842 
Table 6.4 Bird species diversity, richness and evenness indices 
for Kakraha Transect (KKTG) 
Seasons Rl H' Nl El 
Winter 91-92 
Summer 92 
Winter 92-93 
Summer 93 
3 .621 
3 .856 
3 .440 
3 .745 
2 .336 
2 .466 
2 .330 
2 .402 
1 0 . 4 8 
1 2 . 0 4 
1 0 . 4 6 
1 1 . 1 6 
0 .867 
0 .928 
0 .909 
0 .901 
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availability of perch in the form of burnt up culms of Saccharum munja and Narenga species 
provide ideal situation for bushchats and shrikes to stalk and prise their prey. 
BSD values differed significantly from winter to summer (t=3.14, P<0.007) (Table 6.4). 
Bird species richness at this transect did not vary significantly between summer and winter 
(Table 6.5). 
6.4.1.1.4 Tall Grassland (KKTG) 
Species diversity and richness remained more or less constant in tall grassland of 
Kakraha as no difference was found between the diversity values at this transect (Fig 6.1). 
Species richness and evenness indices also did not differ significantly (Table 6.4). Mean BSD 
in summer was higher than in winter but the difference was not statistically significant (t=1.23, 
P>0.24) (Table 6.7). Similarly, values of mean BSR also did not differ significantly from 
summer to winter (Table 6.8). 
6.4.1.1.5 Riparian Forest (FLRF) 
Except for Gajrola, the bird species diversity in the riparian habitat was higher than all 
other transects for all the years (Fig. 6.1). The greater structural diversity of habitat is 
responsible for higher BSD values when compared to the Sal forest, which is less diverse. The 
riparian habitat also causes assemblages of species which are associated with water and 
contribute significantly to the overall species diversity and richness (Table 6.5). Presence of 
trees like Dalbergia sissoo and Acacia catechu provide good foraging opportunities to a large 
number of insectivores, primarily foliage gleaning birds. Because of this there is large influx of 
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Table 6.5 Bird species diversity, richness and evenness indices 
Riparian Forest (FLRF) 
Seasons Rl H' Nl El 
Winter 91-92 
Summer 92 
Winter 92-93 
Summer 93 
Winter 93-94 
5.047 
4.767 
5.128 
4.674 
4.259 
2.813 
2.758 
2.822 
2.735 
2.537 
16.92 
15.95 
17.15 
15.50 
13.33 
0.920 
0.934 
0.919 
0.915 
0.910 
Table 6.6 Bird species diversity, richness and evenness indices 
Sal Forest Transect (CPSF) 
Seasons Rl H' Nl El 
Winter 91-92 
Summer 92 
Winter 92-93 
Summer 93 
Winter 93-94 
3.516 
4.350 
3.702 
4.441 
3.590 
2.282 
2.577 
2.442 
2.596 
2.240 
10.38 
13.54 
11.76 
13.81 
10.34 
0.865 
0.887 
0.897 
0.887 
0.841 
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winter migrants in this habitat, particularly the leaf warblers of genus Phylloscopus . This 
along with keystone species like Ficus glomerate and Ficus hispida ensures a congregation 
of birds comprising of frugivore, insectivore and omnivore guilds. The values of BSD at riparian 
habitat did not differ significantly between summer and winter (t=0.94, P>0.33) (Table 6.7), 
though the mean BSD value in summer was lower than the winter as discussed in the 
preceding section. The mean BSR at this transect was also not significantly different between 
summer and winter (t=1.27, P>0.22) (Table 6.8). 
6.4.1.1.6 Sal Forest (CPSF) 
The Sal forest showed lower diversity of birds when compared to the riparian habitat. 
The species diversity spectrum is lower because of the nature of the habitat. The canopy is 
more close compared to the riparian forest. The closeness of canopy does not attract many 
species of birds which prefer to feed in openings. There were more sightings of birds in those 
segments where there was treefall gap or some other feeding opportunities arising out of the 
gap or lower number of Sal trees. Species richness, evenness and Hill's diversity values 
showed a similar trend (Table 6.6) as the bird species diversity (Fig. 6.1). In winter the BSD 
was lower than the summer and was statistically significant (t=3.84, P>0.002) (Table 6.7). 
Patterns of BSR were also similar to the BSD and showed no significant difference between 
summer and winter (t=-4.88, P>0.0004) (Table 6.8). 
6.4.1.2 Diversity and Richness Patterns across habitats (^diversity) 
Bird species diversity values were maximum for the wooded grassland of Gajrola 
(GJWG) (Fig 6.1). Overall bird species diversity at Gajrola was significantly different from all 
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Table 6.7 Mean bird species diversity (BSD) for winter and summer 
at each of the six habitat types and significance level (paired t-
test) 
SN. Habitat Winter Summer Significance 
1. 
2. 
3. 
4. 
5. 
6. 
GJWG 
NKSG 
KKTG 
PCSG 
FLRF 
CPSF 
2.88 
2.39 
2.33 
2.29 
2.81 
2.23 
2.92 
2.63 
2.42 
2.51 
2.74 
2.62 
t=-0.43 (df=13) P>t0.67 
t=-3.40 (df=12) P>t0.005 
t=-1.23 (df=ll) P>t0.24 
t=-3.14 (df=13) P>t0.007 
t=-0.94 (df=12) P>t0.336 
t=-3.84 (df=13) P>t0.002 
Table 6.8 Mean bird species richness (BSR) for winter and summer at 
each of the six habitat types and significance level (paired t-test) 
Sn, Habitat Winter Summer Significance 
1. 
2. 
3. 
4. 
5. 
6. 
GJWG 
NKSG 
KKTG 
PCSG 
FLRF 
CPSF 
5.56 
4.05 
3.54 
3.86 
5.07 
3.43 
5.55 
4.39 
3.78 
4.22 
4.72 
4.55 
t=-0.01 (df=13) P>t0.98 
t=-2.12 (df=12) P>t0.05 
t=-1.05 (df=ll) P>t0.31 
t=-1.87 (df=13) P>t0.08 
t=1.27 (df=12) P>t=0.22 
t=-4.88 (df=12) P>t0.0004 
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the habitats except for the riparian forest (mean 2.89 vs. 2.79, t=-1.7, P>.095, one tailed test) 
and the hypothesis that disturbed areas have lower BSD values was rejected. The diversity at 
Sal forest was significantly different from the riparian and wooded grassland but did not differ 
significantly with the three other grassland sites (Table 6.9). The three other grasslands 
NKSG, PCSG and KKTG 6howed similar patterns of overall diversity where they differed 
significantly with the wooded grassland and riparian habitat, but did not differ significantly with 
the continua of grassland from short to tall and Sal forest (Table 6.9). 
The three grasslands and forest are more specialised habitats and hence have more 
specialist birds rather than generalists. This causes lower bird species diversity when 
compared to riparian and wooded grassland. Bird species richness did not differ significantly 
between different habitats (ANOVA, Bartlett's test for sphericity). Bird species richness (BSR) 
for all the sites showed a similar pattern except for differences between GJWG and FLRF 
(mean vs., t=4.68, P>t=0.0001) and KKTG and PCSG (mean vs., t=-3.82, P>t=0.0008) were 
significantly different (Table 6.10). 
6.4.1.3 Seasonal patterns of diversity 
A paired t-test was done to compare the bird species diversity (BSD) in winter and 
summer. Table 6.11 compares bird species diversity for different habitats. BSD at GJWG in 
summer was significantly different with FLRF (mean 2.92 vs. 2.74, t=2.44, PO.05) and 
CPSF (mean 2.92 vs. 2.62, t=2.44, P<0.05) and was highly significantly different from all the 
other three grassland transects (Table 6.11). The diversity between Sal forest and riparian 
forest did not differ significantly in summer (mean 2.62 vs. 2.74, t=1.68, P>.0.11). 
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BSD in winter, between habitats varied very little and only riparian forest showed an 
increase, and the mean BSD value higher from summer (Table 6.7). This slight increase in 
BSD in FLRF was as a result of more winter migrants in the riparian habitat, particularly 
flycatchers and leaf warblers as a result of more diverse habitat. The increase in BSD during 
summer at FLRF caused the disappearance of significant difference (mean 2.87 vs. 2.76, 
t=1.27, P>0.22) between this transect and GJWG, found during summer. The increase in 
BSD at FLRF in summer and lower BSD at Sal Forest was statistically highly significant (mean 
2.76 vs. 2.23, t=-5.23, P<0.0001) (Table 6.11). 
The lower BSD values in winter at GJWG, KKTG, NKSG and PCSG, all the four 
grassland sites is as a result of very dense and compact stand of grasses, prior to burning. As 
a result of this there is limited feeding opportunities, except for species like Munias and 
Weaver birds which feed on the ripened seed of /Varenga porpnyracoma and Saccharum 
munja grass species. Whereas in the post-bum period in summer, the new flush of green 
grasses which increases insect biomass, creates more feeding space by clearing dense stand 
of grasses and provides perch to insectivore bird species. This makes these sites more 
attractive to insectivores and granivores (more feeding on fallen seeds by Munia species of 
genus Lonchura and Estnlda) birds. Utilisation of the area for breeding by grassland birds and 
recruitment of young ones after breeding also significantly increases the BSD and BSR 
values in the summer as compared to winter. 
The lower BSD value in winter at Sal forest (CPSF) is due to the fact that the area, 
because of its dense and compact canopy and less habitat heterogeneity is less attractive to 
125 
most of the winter migrants. Most of these winter migrants are insectivore and search for 
patches of forests with more opening. The significance of openings in terms of treefall gaps is 
that they allow the sunlight to reach the lower strata of the vegetation. The insects present in 
these strata become more active once the temperature increases in winter and are easily 
preyed upon. 
6.4.2 Bird Habitat Relationship 
6.4.2.1 Structural Diversity of Habitat and Bird Attributes 
A Spearman rank correlation coefficient was used to test the relationship between bird 
species diversity and richness with the vegetation attributes. The analysis was done separately 
for each season, winter and summer. No significant relationship was observed between bird 
species diversity and richness with habitat variables such as tree species diversity, richness, 
tree cover and shrub species attributes during the summer (Table 6.12), more so between 
bird species diversity and the vertical stratification or the foliage height diversity (Table 6.13) 
contrary to Macarthur and MacArthur (1961), Karr(1968) and Recher (1969). 
Absence of a significant relationship between bird species diversity and foliage height 
diversity is possibly due to the heterogeneous nature of the sampling units i.e. from Sal and 
riparian forests to wooded and tall to short grasslands (MacArthur 1964). This is contrary to 
(Willson 1974 and Erdelen 1984) that this relationship is achieved only when both forest 
and non forest sites are considered. 
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Table 6.12 Spearman Rank Correlation coefficients between bird 
species diversity and richness with habitat parameters for summer 
Habitat Variables Bird Species Diversity Bird Species Richness 
(BSD) (BSR) 
Tree Density (TDEN) 0.35 0.27 
Tree Diversity (TDIV) 0.42 0.35 
Tree Cover (TCOV) 0.67 0.57 
Tree Richness (TRICH) 0.47 0.39 
Shrub Density (SDEN) 0.39 0.38 
Shrub Diversity (SDIV) 0.80 0.79 
Shrub Richness (SRICH) 0.82 0.83 
Foliage Height (FHD) 0.71 0.64 
Diversity 
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Table 6.13 Spearman Rank Correlation coefficients between bird 
species diversity and richness with habitat parameters for winter 
Habitat Variables Bird Species Diversity Bird Species Richness 
Tree Density (TDEN) 
Tree Diversity (TDIV) 
Tree Cover (TCOV) 
Tree Richness (TRICH) 
Shrub Density (SDEN) 
Shrub Diversity (SDIV) 
Shrub Richness (SRICH) 
Foliage Height (FHD) 
Diversity 
(BSD) 
0.37 
0.39 
0.56 
0.45 
0.52 
0.83 
0.88* 
0.67 
(BSR) 
0.29 
0.35 
0.54 
0.39 
0.44 
0.79 
0.84 
0.63 
*significant at P<0.01 level 
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Shrub species richness was the only variable which showed a significant relationship 
(r,=0.88, P<01) with bird species diversity. No other variable was significantly related with bird 
species diversity and richness in winter (Table 6.13). 
In Dudwa, the bird species diversity is not dependent on the foliage height diversity. 
These results are also supportive of similar studies conducted in India (Daniels 1989, Katti 
1989, Johnsinghand Joshua 1993 and Shanakar Raman 1995). 
* 
Daniels et at. (1992) found a significant negative relationship between bird species 
richness (BSR) and woody plant species diversity and with vertical stratification and also 
revealed that natural vegetation inspite of being more complex and significantly diverse does 
not have significantly greater bird species richness. Erdelen (1984) found that total structural 
diversity of habitat (vertical and horizontal) is a better predictor of bird species diversity than 
the mere foliage height diversity. Wiens and Rottenbeny (1981) showed that horizontal 
variability (patchiness) determines the bird species diversity. 
The higher BSD values for Riparian habitat with greater range of microhabitat such as 
stream, dense and open patches of vegetation interspersed with the patches of grasses, more 
shrubs and herbs increase horizontal heterogeneity (Johnsingh and Joshua 1993). The 
increase in horizontal heterogeneity results in increase in number of plant and insect food 
items. This increase in feeding and foraging opportunities to birds subsequently increases 
BSD values. 
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Data on foliage height diversity were used to construct the foliage profile for each 
transect. Figs 6.2 to Fig. 6.7 clearly illustrate foliage abundance in relation to height. The 
abundance values are based on total number of positive foliage height registrations against 
total points at each sampling point along the transect. Number of foliage layers in the Sal 
forest was maximum. Habitat with dense and uniform canopy supports fewer taxa than 
habitat with patchy canopy cover (Daniels 1989). This effect is more pronounced when Sal 
forest is compared to the riparian forest (Figs. 6.2 to Figs. 6.7). Sal trees make thick, 
compact and more uniform canopy and support less number of birds and lower bird species 
diversity. 
6 4.2.2 Models For Diversity in Dudwa National Park 
Stepwise multiple regression analysis (forward) was performed on data using various 
habitat attributes to construct a model for species diversity in Dudwa. As there are chances of 
more than one factor affecting the species diversity pattern, it is better to use a set of variables 
to construct a model through multiple regression analysis (MRA). I used stepwise multiple 
regression analysis of computer software SPSS/PC (Norussis, 1986) to construct the models. 
This procedure is parsimonious in the sense that it drops the nonsignificant predictors. I did 
not use minimum cutoff F value for any level of significance, allowing the programme to use all 
the variables with coefficients significant either at 0.05, 0.01 or 0.001 levels. Three models, 
one general (summer and winter together) and one each for winter and summer were 
constructed using nine habitat variables (TDEN, TDIV, TRICH, TCOV, SDEN, SDIV, SRICH, 
TSN and FHD). Bird species diversity was used as the dependent variable against the above 
independent variables. 
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Fig. 6.2 Foliage Profile of Wooded Grass 
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6.4 2.2.1 General Model 
The model entered only two variables in the equation which can best predict the bird 
species diversity. Shrub species richness was the single most factor, with significant positive 
effect on the model. It explained 78% of the variance (R^O.78 and adjusted RM3.73) and 
was significant (t=3.81 at P=0.018). When tree richness entered the model, they together 
explained 95% of the variance (R^=0.95 and adjusted Rte0.92) and shrub species was again 
significant, (t=6.82 at P=0.006). The coefficient of tree richness (TRICH) was negative, but 
significant (t=-3.324, at P=.04). 
The overall bird species diversity in Dudwa is best explained by the following model: 
BSD* 2.42+0.324 (±0.047) SRICH-0.135 (±0.041) TRICH 
(Values in parentheses are ± SE) 
6.4.22.2 Model for Winter 
The model for winter also used two variables, the shrub species richness and the tree 
richness. They together explained 78% of the variance (R^=0.78 and adjusted RM)73). 
Shrub species richness was significant (t=3.85 at P=0.003) whereas tree richness had a 
negative coefficient as in the above model (t=-4.07, at P=0.02). 
The following equation describes the bird species diversity model for winter. 
BSD* Z33+0.396 (±0.047) SRICH-0.168 (±0.041) TRICH 
(Values in parentheses are ± SE) 
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6.4.2.2.3 Model tor Summer 
Unlike the overall model and winter model, the model for bird species diversity in 
summer was different as only shrub species richness was significant and entered the equation 
whereas the other variables were not entered. The model explained a total of 68% of the 
variance (R^O.688 and adjusted R*=0.61). This was significantly different (t=2.97 at P=0.04). 
The equation for the summer model is: 
BSD* 2.51*0.145 (±0.048) SRICH 
(Values in parenthesis are ± SE) 
The difference in the winter model from the summer (entry of TRICH), suggests the 
importance of tree species richness in winter as the influx of winter migrants, particularly the 
foliage gleaning birds of genus Phylloscopus- Higher tree species richness causes increased 
foraging opportunities to these foliage gleaners and affects the bird species diversity. 
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Appendix-1 
Checklist of the birds of Dudwa National Park 
PODICIPEDIDAE (Grebes) 
I. Little Grebe Tachybaptus ruficollis - UC 
PELECANIDAE (Peiecans) 
2. Great White pelican Pelecanus onocrotalus -WM 
3. Spotbilled pelican Pelecanus philippensis-\NM 
PHALACROCORACIDAE (Darters and Cormorants) 
4. Cormorant Phalacrocorax carbo -RB 
5. Indian Shag Phalacrocorax fuscicollis- UC 
6. Little Cormorant Phalacrocorax niger -UC 
7. Darter Anhinga melanogaster -RB 
ARDEIDAE (Herons. Egrets. Bitterns) 
8. Grey Heron Ardea cinerea -R 
9. Purple Heron Ardea purpurea -RB 
10. Indian Pond Heron Ardeola grayii- RB 
I I . Cattle Egret Bubuhus ibis- RB 
12. Large Egret Ardea alba -UC 
13. Smaller Egret Egretta intermedia- UC 
14. Intermediate Egret Mesophoyx intermedia- UC 
15. Night Heron Nycticorax nycticorax- RB 
16. Little Bittern Ixobrychus minutus- UC 
17. Chestnut Bittern Ixobrychus cinnamomeus -UC 
18. Yellow Bittern Ixobrychus sinensis-UC 
19. Black Bittern Ixobrychus flavicollis -R 
CICONIIDAE (Storks) 
20. Painted Stork Mycteria leucocephala -UC 
21. Openbill Stork Anastamus oscitans- RB 
22. Whitenecked Stork Ciconia episcopus -R 
23. White Stork Ciconia ciconia -WM 
24. Blacknecked Stork Ephippiorhynchus asiaticus -RB 
25. Lesser Adjutant Leptoptilos javanicus -RB 
THRESKIORNITHIDAE (Ibises & Spoonbills) 
26. Blackheaded Ibis Threskiomis melanocephalus-WM 
27. Rednaped Ibis Pseudibis papulosa -LM 
28. Eurasian Spoonbill Platalea leucorodia -LM 
ANAT1DAE (Ducks & Qeesel 
29. Greylag Goose Anseranser -WM 
30. Barheaded Goose Anserindicus-\NM 
31. Lesser Whistling Teal Dendrocygna bicolor -UC 
32. Fulvous Whistling teal Dendrocygna javanica-R 
33. BrahminyDuck Tadoma ferruginea -WM 
34. Marbled Teal Marmaronettaangustirostris-WM 
35. Northern Pintail Anas acute-WM 
36. Common Teal Anas cracca-WM 
37. Spotbilled Duck Anas poecilorhyncha -WM 
38. Mallard Anasplatyrhynchos-\NM 
39. Gadwall Anas sfrepe/a-WM 
40. Falcated Teal Anas/afcate-WM 
41. Garganey Anas querquedula - WM 
42. Northern Shoveller Anas clypeata - WM 
43. Common Pochard Ayfnya ferina -WM 
44. Redcrested Pochard Atetfa ruffna -WM 
45. White-eyed pochard Aythya nyroca -WM 
46. Tutted Duck Ayfnya fa/jgu/a - WM 
47. Cotton Teal Nettapus coromandelianus -UC 
48. Comb Duck Sarftidiomis melanotos -R 
ACCIPITRJDAE (Hawks & Vultures) 
49. Blackwinged Kite Elanus caeruleus-R 
50. Honey Buzzard Pem/s ptilorhynchus -R 
51. Black Kite MHvus migrans-RB 
52. BrahminyKite Haliastur indus -WM 
53. Shikra Accipiter badius -R 
54. Sparrow-Hawk Accipiter nisus -WM 
55. White-eyed Buzzard 8i/fasrurteesa-R 
56. Changeable Hawk-Eagle Spizaetus cirrhatus -R 
57. Bonelli's Eagle Hteraetus fasciatus -UC 
58. Eurasian Tawny Eagle Aquita rapax-UC 
59. Greater Spotted Eagle Aquifa clanga-\NM 
60. Lesser Spotted Eagle Aquila pomarina-WM 
61. Whitetailed Eagle Heliaeetus afbtcUla -WM 
62. Pallas's Sea Eagle Heliaeetusleucoryphus-WM 
63. Greyheaded Fish Eagle Icthyophaga ichthyaetus -R 
64. Lesser Fish Eagle icthyophaga nana -WM 
65. Redheaded Vulture Sarcogyps cahus -R 
66. Longbilled Vulture Gyps indicus-LM 
67. Whiterumped Vulture Gyps bengalensis -RB 
68. Egyptian Vulture Neophron percnopterus -RB 
69. Northern Harrier C;>cus cyaneus -WM 
70. Pied Harrier C/rcus mefenoteucos -WM 
71. Western Marsh Harrier C/rcL/s aeruginosas -WM 
72. Short-toed Snake Eagle Circaetus gallbus -UC 
73. Crested Serpent Eagle Spitomis cheeta -R 
74. Osprey Pandion haliaetus -WM 
FALCONIPAE (Falcons) 
75. Rednecked Falcon Faicochicquera-UC 
76. Kestrel Fakx>tinnunculus-\NM 
PHASIANIDAE (Pheasants. Partridges. Quail 
77. Black Francolin Francolinus francolinus -RB 
78. Grey Francolin Francolinus pondicenanus - RB 
79. Swamp Francolin Francolinus gularis -RB 
80. Jungle Bush Quail Perdicula asiatica - RB 
81. Common Quail Cotumix cotumix -RB 
82. Red Junglefow) Gallus gallus-RB 
83. Indian Peafowl Pavo crisfafus-RB 
GRUIDAE (Cranes) 
84. Sarus crane Grus anyone - UC 
RALLIDAE (Ralls and Coots) 
85. Ruddybreasted Crake Porzana fusca -RB 
86. Brown crake Amauromis akool -RB 
87. Whitebreasted Water-hen Amauromis phoenicums - RB 
88. Common Moorhen Gallinula chloropus -RB 
89. Purple Swamphen Porphyrio porphyrio -RB 
90. Coot Fulica atra-RB 
OTIDIDAE (Bustards) 
91. Bengal Florican Eupodotis bengalensis - RB 
JACANIDAE (Jacanas) 
92. Pheasant-tailed Jacana Hydrophasianus chirurgus -RB 
93. Bronzewinged jacana Metopidius indicus -RB 
ROSTRATULIDAE (Painted Snipe) 
94. Greater Painted snipe Rostratula benghalensis - RB 
RECURVIROSTRIDAE (Stilts & Avocets) 
95. Blackwinged Stilt Himantopus himantopus - M 
BURHINIPAE (Stone Curlews. Thick-Knees) 
96. Beach Thick-knee Burhinus giganteus -M 
97. Eurasian Thick-knee Burhinus oedicnemus-R 
CHARADRIlDABPIovers. Sandpiers. Snipe) 
98. Whitetailed Lapwing Vanellus bucurus -UC 
99. Greyheaded Lapwing Vanellus cinemus -WM 
100. Redwattted Lapwing Vanellus indicus -RB 
101. Little Ringed Plover Charadhus dubius -WM 
102. Black-tailed Godwit Limosa limosa -WM 
103 Spotted Redshank Tringa erythropus -WM 
104. Common Redshank Tringa totenus -WM 
105. Marsh Sandpiper Tringa stagnatilis -WM 
106 Common Greenshank Tringa nebutaria -WM 
107. Green Sandpiper Tringa ochropus -WM 
108. Wood Sandpiper Tringa glareola-\NM 
109 Common Sandpiper Tringa hypoleucos-WM 
110. Common Snipe Gallinago gallinago -WM 
111. Little Stint Ca//dris m/nufa-WM 
112. Temminck's stint Calidris temminkii -WM 
113. Ruff & Reeve Phihmachus pugnax - WM 
114. Red-necked Phalarope Phalaropus fobatus -WM 
LARIDAE (Gulls & Terns) 
115. Lesser Blackheaded Gull Laws fuscus -WM 
116. Whiskered Tern Chlidoniashybrida-\NM 
117. Indian River Tern Sterna aurantia - WM 
118. Blackbellied Tern Sterna acuticauda -WM 
COLUMBIDAE (Pigeons & Doves) 
119. Pintailed Green Pigeon Treron apicauda -RB 
120 Greyfronted Green-Pigeon Treron pompadora - RB 
121. Orangebreasted Green-pigeon Treron bicincta - RB 
122. Green Pigeon Treron phoenicoptera-RB 
123. Blue Rock pigeon Columba livia -RB 
124. Indian Ring Dove Streptopelia decaocto - RB 
125. Rufous Turtle Dove Streptopelia orientalis -WM 
126. Red Turtle Dove Streptopelia tranquebarica - RB 
127. Spotted Dove Streptopelia chinensis - RB 
128. Little Brown Dove Streptopelia senegalensis - RB 
129. Emerald Dove Chalcophaps indica -M 
PSITTACIDAE (Parrots) 
130. Alexandrine parakeet Psittacula eupatria -RB 
131. Roseringed parakeet Psittacula krameri -RB 
132. Blossomheaded Parakeet Psittacula cyanocephala -RB 
CUCULIPAE (Cuckoos) 
133. Pied Crested Cuckoo Clamator jacobinus - M 
134. Brainfever Bird Cuculus varius -M 
135. Indian Cuckoo Cuculus micropterus - M 
136. The Cuckoo Cuculus canorus - M 
137. Indian Plaintive Cuckoo Cacomantis passerinus - M 
138. Emerald Cuckoo Chalcites maculatus - UC 
139 Koel Eudynamys scobpacea - UC 
140. Large Greenbilled Malkoha Rhopodytes tristis - R 
141. Sirkeer Cuckoo Taccoccua leschenauttii - R 
142. Crow-pheasant Centropus sinensis - RB 
143 Lesser Coucal Centropus toulou -RB 
STRIGIDAE (Owls) 
144 Barn Owl Tyto alba -RB 
145. Grass Owl Tyto capensis -UC 
146. Collared Scops Owl Otus bakkamoena - UC 
147. Great Horned Owl Bubo bubo -UC 
148 Dusky Horned Owl Bubo coromandus -M 
149. Brown Fish Owl Bubo zeyhnensis - R 
150. Jungle Owlet Glaucidium radiatum -RB 
151. Barred Owlet Glaucidium cuculoides - RB 
152. Brown Wood Owl Strix leptogrammica -UC 
153. Spotted Owlet Afhene brama -RB 
CAPRIMULGIDAE (Nightjars) 
154. Longtailed Nightjar Caprimulgus macrurus - RB 
155. Franklins' Nightjar Caprimulgus affinis -RB 
156. Indian Jungle Nightjar Caprimulgus indicus - UC 
AFODIDAE (Swifts) 
157. Crested Tree Swift Hemiprocne longipenis - RB 
ALCEDINIDAE (Kingfishers) 
158. Lesser Pied Kingfisher Ceryle rudis -RB 
159. Small Blue Kingfisher Alcedo atthis - R 
160. Storkbilled Kingfisher Pelargropsis capensis - R 
161. Whitebreasted King fisher Halcyon smymensis - R 
MEROPIDAE (Bee-eaters) 
162. Chestnutheaded Bee-eater Merops leschenaulti -UC 
163. Bluetailed Bee-eater Merops philippinus - RB 
164. Green Bee-eater Merops orientalis -RB 
165. Bluebearded Bee-eater Nyctyomis athertoni -RB 
CORACIIDAE (Rollers) 
166. Indian Roller Coracias benghalensis - RB 
UPUPIDAE (Hoopoes) 
167. Hoopoe Upupa epops -RB 
BUCEROTIDAE (Hornbllls) 
168. GreyHornbill Tockus birostris -RB 
169. Indian Pied Hornbill Anthracoceros malabaricus -RB 
170. Great Pied Hornbill Buceros bicomis- RB 
CAPITONIDAE(Barbets) 
171. Large Green Barbet Megalaima zeylanica- RB 
172. Bluethroated Barbet Megalaima asiabca- UC 
173. Coppersmith Megalaima haemacephala- RB 
PIC1DAE (Woodpeckers) 
174 Wryneck Jynx torquilla- UC 
175. Rufous Wood-pecker Microptemus brachyurus- UC 
176. Scalybelied Green Woodpecker Picus squamatus -UC 
177 Little Scalybellied Green Woodpecker Reus myrmecophoneous- UC 
178. Blacknaped Green Woodpecker Picus canus-\JC 
179. Large Yellownaped Woodpecker Picus flavinucha-\JC 
180. Small Yellownaped Woodpecker Picus chkxolophus-UC 
181. Lesser Goldenbacked Woodpecker Dinopium benghalense- RB 
182. Himalayan Goldenbacked Threetoed Woodpecker Dinopium shorii -RB 
183. Hiamalayan Great Slaty Woodpecker Mullehpicus putverulentus - R 
184. Mahratta Wood-pecker Picoides mahrattensis - RB 
185. Grey-capped pygmy Woodpecker Dendrocopus canicapillus - RB 
186. Brown-capped pygmy Woodpecker Dendrocopus nanus - RB 
187. Blackbacked Wood pecker Chrysocolaptes festivus -UC 
188. Larger Goldenbacked Woodpecker Chrysocolaptes lucidus -UC 
PITTIPAE (Pittas) 
189. Indian Pitta Pitta brachyura SM 
ALAUDIDAE (Larks) 
190. Singing Bush Lark Mirafra javanica-RB 
191. Redwinged Bush Lark Mirafra erythroptera -RB 
192. Eastern Skylark Adauda gulgula-RB 
HIRUNDINIDAE (Swallows) 
193. Collared Sand Martin Riparia riparia AJC 
194. Plain Sand Martin Riparia paludicola -UC 
195. Swallow Hirundo rustica -UC 
196. Redrumped Swallow Hirundo daurica -UC 
LANIIDAE (Shrikes) 
197. Grey Shrike Lanius excubitor - UC 
198. Baybacked Shrike Lanius vittatus-\JC 
199. Rufousbacked Shrike Lanius schach-RB 
200. Rufousbacked Shrike Lanius schach tricolor - R 
ORIOLIDAE (Orioles) 
201. Golden Oriole Oriolus oriolus-RB 
202. Blackheaded Oriole Oriotous xanthomas -RB 
DICRURIDAE(Pronoos) 
203. Black Drongo Dicrurus adsimilis - RB 
204. Ashy Drongo Dtcrurus leucophaeus - UC 
205. Whitebellied Drongo Dtcrurus caerulescens - RB 
206. Crowbilled Drongo Dicrurus annectans - M 
207. Lesser Racket-tailed Drongo Dicrurus remifer - UC 
208. Spangled Drongo Dicrurus hottentotus - UC 
209. Large Racket-tailed Drongo Dicrurus paradiseus - RB 
STURNIPAE (Starlings & Mvnas) 
210. Greyheaded Myna Stumus malabaricus - UC 
211. Brahminy Myna Stumus pagodarum - UC 
212. Pied Myna Stumus contra - RB 
213. Common Myna Acridotheres tristis -UC 
214. Bank Myna Acridotheres ginginianus - RB 
215. Jungle Myna Acridotheres fuscus - UC 
CORVIDAE (Magpies & Javs) 
216. Indian Tree Pie Dendrocitta vagabunda -RB 
217. House Crow Corvus splendens - RB 
218. Jungle Crow Corvus macrorhynchos - RB 
219. Pied Flycatecher Shrike Hemipus picatus - UC 
220. Common Wood Shrike Tephrodomis pondkserianus - UC 
221. Large Cuckoo Shrike Coracina novaechollandiae -SM 
CAMPEPHAGIDAE 
222. Scarlet Minivet Pericrocotusflammeus-\NM 
223. Shortbilled Minivet Pericrocotus brevirostris - WM 
224. Longtailed Minivet Pericrocotus ethofogus - WM 
225. Small Minivet Pericrocotus cinnamomeus -UC 
IRENIPAE (Fairv Bluebirds, lores & Leaf Birds) 
226. Common lora AegitNna tiphia - RB 
227. Goldfronted Chloropsis Chloropsis aurifrons - UC 
228. Orangebellied Chloropsis Chtoropsis hardwickii - UC 
PYCNONOTIPAE (Bulbuls) 
229. Blackheaded Yellow Bulbul Pycnonotus meianicterus - UC 
230. Redwhiskered Bulbul Pycnonotus jocosus - UC 
231. Redvented Bulbul Pycnonotus cafer - RB 
MUSCICAP1DAE (Babblers. Flvcathchers. Warblers. Thrushes & Chats) 
232. Rufousbellied Babbler Dumetia hyperythra -UC 
233. Yellowbreasted Babbler Macronous gularis - RB 
234. Redcapped Babbler Timalia pileata-RB 
235. Yelloweyed Babbler Chrysomma sinense - UC 
236. Common Babbler Turdoides caudatus - RB 
237. Striated Babbler Turdokies eartei - RB 
238. Large Grey Babbler TurdokJes matcolmi-UC 
239 Jungle Babbler Turdokies striates - RB 
MUSCICAPIDAE (Flycatchers) 
240. Redbreasted Flycatcher Muscicapa parva - WM 
241. Orangegorgeted Flycatcher Muscicapa strophiata -WM 
242. Little Pied Flycatcher Muscicapa westermanni - WM 
243. Whitebrowed Blue Flycatcher Muscicapa superciliaris -WM 
245 Tickell's Blue Flycatcher Muscicapa tickelliae-WM 
246. Verditer Flycatcher Muscicapa thalassina - WM 
247. Greyheaded Fly catcher Culisicapa ceylonensis - WM 
248. Yellowbellied Fantail Flycatcher Rhipidura hypoxantha - UC 
249. Whitebrowed Fantail Flycatcher Rhipidura aureola - UC 
250. Whitethroated Fantail Flycatcher Rhipidura albicollis -UC 
251. Paradise Flycatcher Terpsiphone paradisi - SM 
252. Blacknaped Fly catcher Hypothymis azurea -WM 
SYLVHNAE (Warblers) 
253. Dull Slatybelied Ground Warbler resJacyan/venfer-UC 
254. Rufouscapped Bush Warbler Cettia brunnifrons - UC 
255. Spotted Bush Warbler Bradypterus thoracicus - UC 
256. Fantail Warbler Cisticola exilis-RB 
257. Streaked Fantail Warbler Cisticola juncidis -RB 
258. Franklins'Wren-Warbler Prin/a hodgsonii - RB 
259. Plain Wren Warbler Prinia subflava -RB 
260. Ashy Wren Warbler Pnn/a socialis-RB 
261. Jungle Wren Warbler Pnn/a sy/vafca -UC 
262. Yellowbellied Wren-Warbler Prt/wa flavh/entris -R 
263. Large Grass Warbler Graminicola bengalensis -RB 
264. Tailor Bird Orthotomus sutorius -RB 
265. Grasshopper Warbler Locustella naevia -RB 
266. Striated Marsh Warbler Megalutvs palustns -RB 
267. Paddyfield Warbler Acrocephalus agricda -UC 
268. Brownleaf Warbler or ChitTchaff Phyltoscopus collybita -WM 
269. Smoky Willow Warbler Phyltoscopus fulgh/enter-WM 
270. Dusky Leaf Warbler Phyltoscopus fuscatus -WM 
271. Yellowbrowed Leaf Warbler Phyltoscopus inomatus -WM 
272. Dull Green Leaf Warbler Phyltoscopus trochitoides-WM 
273. Large Crowned Leaf Warbler Phyltoscopus occipitalis -WM 
274. Blackbrowed Leaf Warbler Phyltoscopus cantator -WM 
TURDINAE (Thrushes & Chats) 
275. Rubythroat Erithacus calltope-WM 
276. Bluethroat Erithacus svecbus-WM 
277. Himalayan Rubythroat Erithacus pectoralis-WM 
278. Magpie Robin Copsychus saularis- M 
279. Shama Copsychus malabaricus-UC 
280 Black Redstart Phoenfcurus ochruros-P 
281. Brown Rock Chat Cercometa fusca-R 
282. Stonechat Saxicofa torquata -R 
283. Whitetailed Stone Chat Saxicola teucura-RB 
284. Pied Bush Chat Saxicola caprata-RB 
285. Dark Grey Bush Chat Saxicola fefnsa-WM 
286. Indian Robin Saxicohides fulicata-R 
287. Blue Rock Thrush Monticoia solitarius-P 
288. Blue Whistling Thrush Myiophonus caeruleus-P 
289. Orangeheaded Ground Thrush Zoothera citrina -R 
290. Greywinged Blackbird Turdus boulboul -WM 
291. Blackthroated Thrush Turdus rufrco///s-WM 
PAR1PAE (Tits) 
292. Grey Tit Pao/s ma/br-RB 
293. Firecapped Tit Cephalopyrus flammiceps -WM 
SITTIDAE (Nuthatches & Creepers) 
294. Chestnutbellied Nuthatch S/Ha casfanea-RB 
CERTHIIDAE (Tree Creepers) 
295. Himalayan Tree Creeper Certhia himalayana -UC 
MOTACILLIPAE (Pipits & Wagtails) 
296. Indian Tree Pipit Anthus hodgsoni -WM 
297. Paddyfield Pipit Anthus novaeseelandiae-UC 
298. Tawny Pipit Anthus campestrisAJC 
299. Greyheaded Yellow Wagtail Motacilla flava -WM 
300. Yellowheaded Wagtail Motacilla citreolaANM 
301. Grey Wagtail Motacilla c/nerea-WM 
302. Pied or White Wagtail Mofac///a a/ba-WM 
304. Large Pied Wagtail Motacilla maderaspatensis -WM 
PICAEDAE (Fiowerpeckers) 
305. Tickells' Flowerpecker Dicaeum erythrorhyncos-UC 
NECTARINIIPAE (Sunbirds) 
306. Purple Sunbird Nectarina as/af/ca-RB 
307. Yellowbacked Sunbird Aethopyga siparaja-R 
ZOSTEROPIPAE (White-Eves) 
308. White-eye Zosterops palpebrosa-R 
PLOCEIDAE (Weaver Birds) 
309. House Sparrow Passer domesticus-RB 
310. Yellow throated Sparrow Petronia xanthocollis-RB 
311. Baya Ploceus philippinus-RB 
312. Blackthroated Weaver Pfoceous beng/ratens/s-UC 
313. Streaked Weaver Ploceous manyar-UC 
314. Red Munia Estrilda amandava-RB 
315. Spotted Munia Lonchura punctulata-RB 
316 Blackheaded Munia Lonchura malacca-UC 
FRINQILUDAE (Finches) 
317. Common Rosefinch Carpodacus erythrinus-UC 
EMBERIZIDAE (Buntings) 
318. Yellowbreasted Bunting Emberiza aureola-U 
319 Crested Bunting Melophus lathami -UC 
Status RB=Resident breeding R=Resident (breeding not certain) 
WM=Winter migrant 
SM=Summer migrant 
LM=Local migrant 
UOUncertain; 
P=On passage 
O occasional (less than 10 sightings) 
C=common (seen freqently, more than 10 sightings) 
R=Rare (less than 5 sightings, irregular) 
Appendix-2 
(Insects, Fishes, Reptiles and Mammals) 
A. INSECTS 
Coleopterans 
1. Coccinella septumpunctata Linn. (Coccinellidae) 
2. Mesomerphus sp. (Tenebrionidae) 
3. Gonocephalumsp.( -do-) 
4. Crioceris sp. (Chrysomelidae) 
5. Harplus sp. (Carbidae) 
6. Unidentified (Tenebrionidae) 
Hemlpteran 
7. Canthecona furcellata 
8. Erthesina fullo 
9. Piezodorvs rubrofasciatus 
10. Macroceroea grandis 
11. Balinta octonotata 
Hymeopterans 
12. Dorylus orientalis (Formicidae) 
14. PompUus sp. (Pompilidae) 
13 Uindentified (Sphecidae) 
15. Gofra marg/nafa (Ichneumonidae) 
16. Xytocopa irridepenis (Xylocopidae) 
17. Vespacincta (Vespidae) 
18. Crocisa ramosa (Apidae) 
Orthopterans 
19 Locusta migratoria 
20 Catantops femjg/nea 
21. Oxyave/ox 
22 Gastrimargus transversus 
23 Ac/K/a sp. 
24 Chorocedocus illustris 
25. Pyrgomorpha sp. 
26. Oedipoda himalyana 
27. Chrotogonus oxypterus 
28. Heiroglypus banian 
29. Spanthostemum prasiniferanum 
30. Acrotylus humberitanus 
31. Acrida exattaki (Arididae) 
32. Autarches milieris (Acrididae) 
33. Afarjfts miigiosa (Mantidae) ' 
Lepidopterans 
1. Great Eggfly Hypolimnas boiina 
2. Yellow Orange Tip Ixfaspyrene 
3. Indian Cabbage White MogiacankJia 
4. Spot Sword Tail Pathysa nomius 
5. Six bar sword tail 
6. Glassy Tiger Paralitica aglea 
7. Plain Tiger Danus chrysipus 
8. Common Bush Brown Mycalesis perseus 
9. Common Fourring Ypthima huebneri 
10. Common Crow Euloea core 
11. Common Wanderer Pareronia Valeria 
12. Common Mormon Papilio polytes 
13. Common Sailor Neptis hylas 
14. Grey Pansy Funonia atlites 
15. Blue Pansy Funonia orithya 
16. Peacock Pansy Funonia aimona 
17. Common Grass Yellow Eur&ma hecabe 
18. Common Jezebel Defiase eucharis 
19. Chestnut Streaked Sailor Neptis fumbali 
20. Common Leopard Phalanta phalantha 
21. Common Rose Pachliopta aristokxhiae 
22. Crimson Rose Pachliopta hector 
23. Zebra Blue Syntarucus plinius 
24. Common Emigrant Catopsilia pomona 
B. FISHES 
1 Hetropneustes fossilis 
2. Mystus viatatus 
3. Trichogasterfasciatus 
4. Esomos dendricus 
5. Hemirhamphus sp 
6. Chanda ranga 
7. Channa sp. 
8. Metapnaeous sp. 
D. REPTILES 
Ophidians 
1. Cobra(Binocellate) Najanaja 
2 Monocellate Cobra Naja naja Kauthiana 
3. Indian Python Python molurus 
4. Sand Boa Eryxjohnii 
5. Whip Snake Ahaetulla sp 
6. Wolf Snake Lycodon sp 
7. Rat Snake Ptyas mucosus 
8. Common Krait Bungarus sp. 
9. Checkered keelback Xenochrophis piscator 
Chelonians 
1. Common Pond Terrapin Hardelte thurjii 
2. Pond Turtle Ussemys punctata 
3. Tricarinate Hill turtle Melanochelys tricarinata 
A. Indian softshell Turtle Aspideretes gangeticus 
5. Indian Tent turtle Kachugatecta 
6. Indian eyed Turtle Morenia peters* 
7. Three-striped roofed turtle Kachuga dhongoka 
Lacertilians 
1. Common Garden Lizard Calotes versicolor 
2. Monitor Lizard Varanus bengalensis 
3. Common Gecko HemkJactylis vihdis 
A. Common Skink Mabuya carinata 
5. Jerdon's Snake Eye Opisops jerdoni 
p. MAMMALS 
1. Tiger Panthera tigris 
2. Leopard Panthera pardus 
3. Jungle Cat Felischaus 
A. Fishing Cat Felis viverrina 
5. Toddy Cat Paradoxurus hermaphrodites 
6. Jackal Canis aureus 
7. Fox Vulpes vulpes 
8. Sloth bear Melursus ursinus 
9. Scaly anteater* Manis creassicaudata 
10. Otter Lutra Intra 
11. Frying squirrel* Petaurista nobilis 
12. Swamp Deer Cervus duvaucefi 
13. Hog Deer Cervus porcinus 
14. Chital Cervus axis 
15. Barking Deer Muntiacus muntjac 
16. Sambar Cervus unicotor 
17. Nilgai Boselaphus tragocamelus 
18. Wild Boar Susscrofe 
19. Porcupine Hystrix indica 
20. Elephant Elephas maximus 
* Not seen 
